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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

DECLARATION OF JOHN C. ROCKETT, Ph.D. 
UNDER 37 C.F.R. § 1.132 

I, JOHN CODGHLIN ROCKETT III, Ph.D., declare and 
state as follows: 

1. Since 1995 I have been engaged full-time in 
molecular toxicology research, with an emphasis on the 
application of expression profiling techniques, including but 
not limited to nucleic acid microarray expression profiling 
techniques, to studies of the mechanisms of toxicant action 
and to the design of assays to monitor toxicant exposure. 

2. My curriculum vitae, including my list of 
publications, is attached hereto as Exhibit A. 

3. For the past 5 years, my work has focused 
primarily on analyzing the effects of potentially hazardous 
environmental agents, such as heat, water disinfectant 
byproducts, and conazole fungicides on the male reproductive 
tract. Although we are interested in the basic mechanisms of 
action of such toxicants, we also have two practical goals in 
mind: first, to identify individual agents and families of 
agents that adversely affect male reproductive development and 
function, and second, to develop methods for monitoring human 
exposure to such agents, particularly methods capable of 
identifying toxicant exposure at an early stage. 

4. I have relied on expression profiling as a 
principal approach to these goals. Expression profiling, by 



reporting th expr ssion 1 vels of thousands of genes 
simultaneously, gives us an opportunity to identify and group 
t xicants bas d on similarities in the patterns of gene 
expression they induce in cells and tissues; the gene 
expression profiles induced by treatment with known testicular 
toxins serve as standards, molecular signatures or molecular 
fingerprints as it were, against which the patterns of gene 
expression induced by agents of unknown toxicity may be 
compared and judged, m addition, gene expression profiling 
may give us the opportunity to detect toxicity before more 
gross phenotypic changes become manifest. 

5. In keeping with this research emphasis, I have 
until recently: 

served on the Microarray Technical 
Subcommittee of the United States Environmental 
Protection Agency (EPA) Genomics Task Force, and 

served on the Scientific Committee for 
the conference series on -Critical Assessment of 
Techniques for Microarray Data Analysis,- held 
annually at Duke University, Durham, NC; 

and I currently 



serve on the Technical Committee on the 
Application of Genomics to Mechanism- Based Risk 
Assessment of the International Life Sciences 
Institute's Health and Environmental Sciences 
Institute, 

serve on the Genomics and Proteomics 
Committee of the National Health and Environmental 
Effects Research Laboratory of the EPA's Office of 
Research and Development, 

belong to the [North Carolina Research] 
Triangle Array Users Group, 



belong to the Mol cular Biology- 
Speciality S ction of the Society of Toxicology, 

belong to the Triangle Consortium for 
Reproductive Biology. 

in addition, I am the principal investigator on a cooperative 
research and development agreement (CRADA) entitled 
"Development of a Genetic Test for Male Factor Infertility. • 
Prior to this, I was a co-principal investigator on a 

materials cooperative research and development agreement 
(MCRADA) to print oligonucleotide-based microarrays; and from 

1999 - 2002, I was coinvestigator on a CRADA to develop gene 

microarrays for toxicology applications. 

6. I presume the reader's familiarity with the 
basic construction and operation of microarrays. For purposes 
of the discussion to follow. I use the phrase "nucleic acid 
microarray- and, equivalent^, the term "microarray- to refer 
generically to the various types of nucleic acid microarray 
that include immobilized nucleic acid probes of sufficient 
length to permit specific binding, with minimal cross- 
hybridization, to the probe's cognate transcript, whether the 
transcript is in the form of RNA or DNA. Although this 
definition excludes microarrays having shorter probes, such as 
the 20-mer probes of arrays manufactured by Affymetrix. Inc., 
many of the comments that follow nonetheless apply to such 
microarrays as well. 

7. Although my own work with microarrays dates 
back only to 1998, and high density spotted nucleic acid 



microarrays themselves date back perhaps only to 1995, 1 
microarrays are by no means the only, nor th first, 
expr ssion profiling tool. As I describe in detail in my 
Xenobiotica review, 2 there are a number of other differential 
expression analysis technologies that precede the development 
of microarrays, some by decades, and that have been applied to 
drug metabolism and toxicology research, including: 
(1) differential screening; (2) subtractive hybridization, 
including variants such as chemical cross-linking subtraction, 
suppression-PCR subtractive hybridization and representational 
difference analysis; (3) differential display; (4) restriction 
endonuclease facilitated analyses, including serial analysis 
of gene expression (SAGE) and gene expression fingerprinting; 
and (5) EST analysis. 

8. In my own earlier research, I used both 
r verse-transcriptase polymerase chain reaction (RT-PCR) and 
suppression-PCR subtractive hybridization (SSH) to study 
patterns of differential gene expression caused by hepatic 
challenge with nongenotoxic and genotoxic hepatotoxins . 3 



1 Schena et al., -Quantitative monitoring of gene expression r™rt-«»™= 

with a complementary DNA microarray, ■ Science 270^67-1^ ""95? P " f^L 
hereto as Exhibit B. «iv , attached 

* Rockett etaJ., -Differential gene expression in drug metabolism and 

?SSS? ? ra " icalities ' Problems and potential. - XmpWoIX 29-«5^91 

(1999) (hereinafter, Xenobiotica review ) . attached hereto as Exhibit C 

' See. e.g.. Rockett et aJ.. -Molecular profiling of non-genotoxic 
cSn n rfr?" S T*S g differentia * ^"Play reverse transcription po£merase 

1,111:1: ■ \ i -I ' " ad RocJcett et al., -use of a suppression-PCR 

aU«S SrSSSf 1 if 0 ? ~ th ° d 5° id6ntify 96ne SpeSes which demonstrate 

T! S? T le rat 311(3 S"™* pi 9 livers following 3-day 
exposure to I4-chloro-6-(2.3-xylidino)-2-pyrimidinylthio] acetic acid - 
^~colo«v 144(1-3, :13-29 (2000). attached^ereto respective" as Shibits 



9. Th se older transcript express! ~n profiling 
t chniques provide analogous expr ssion data, but with far 
lower throughput. 

10. It has been well-established, at least since 
the introduction of high density spotted microarrays in 1995, 
that: 

(i) each probe on the microarray, with 
careful design and sufficient length, and with 
sufficiently stringent hybridization and wash 
conditions, binds specifically and with minimal 
cross -hybridization, to the probe's cognate 
transcript ; 

(ii) each additional probe makes an 
additional transcript newly detectable by the 
microarray, increasing the detection range, and 
thus versatility, of this analytical device for 
gene expression profiling; 4 

(iii) it is not necessary that the 
biological function be known in order for the gene, 



' The compelling logic of this proposition has likely motivated the 

S^^nenTS a! r ° g ^ 8S earUeSt hi * h ^sity^potJef Arrays in 

1995 (Schena et al., -Quantitative monitoring of gene expression patterns" 
with a complementary DNA microarray, • Science 27ol467-470 (^95? fttl^L 
hereto as Exhibit 8) , to the first whole genome arrays „ Las^arl et 

al., -yeast microarrays for genome wide parallel genetic and gene 
expression analysis.- J»roc. Natl. Acad. Sci. USA 94(24) -13057 s? moot, „ 
DeRisi et al., "Exploring the metabolic and genetic con^ro! I of gene ' ^ 
expression on a genomic scale,- Science 278 (5338) : 680-6 (1997) attached 
hereto as Exhibits F and G. respectively,, to the concurrent announcement 
by two companies earlier this month of their respective commeSaT 
introductions of single chip human whole genome arrays (Pollack -Human 
Genome Placed on Chip; Biotech Rivals Put it Up for Sale. ■ Tn"e New S 

2S t , ! BI !^; ° Gtdba Z 2 ' 2003 < Busi *ess Day,, attached hereto as 
Exhibit H; -Agilent Technologies ships whole human genome on sing" 

Tff^ r « y t° ex P ression customers for evaluation. ■ Press Release 

Agilent Technologies. October 2. 2003. attached hereto as Exhibit I 
Asymetrix Announces Commercial Launch of Single Array for Human Genome 

of S'rlTsnJr^ Than 1 MiUi0n Pr0b6S Sxpre^n^s 

of Nearly 50,000 RNA Transcripts and Variants on a Single Array the Size of 

as SSX 1 ; P " SS R leaS6 ' Aff >™ etri *' °"<*>" 2. 20?3. attached heret 
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or a fragment of th gene; to prov useful- as a 
prob on a microarray to be used for expression 
analysis ; 

(iv) failure of a probe to detect changes 
in expression of its cognate gene does not diminish 
the usefulness of the probe on the microarray; and 

(iv) failure of a probe to detect a 
particular transcript in any single experiment does 
not deprive the probe of usefulness to the 
community of users who would use this research 
tool. 

These principles also apply to transcript expression profiling 
techniques that antedate the development of high density 
spotted microarrays, and accordingly were well -understood 
prior to 1995. 

11. Moreover, expression profiling is not limited 
to the measurement of mRNA transcript levels. It is widely 
understood among molecular and cellular biologists that 
protein expression levels provide complementary profiles for 
any given cell and cellular state. Although I cannot claim 
credit for having coined the phrase, I have written that the 
difference between transcript expression profiling and protein 
expression profiling is that " transcriptomics indicates what 
should happen, and proteomics shows what is happening. ■ 5 

12. For decades, such protein expression profiles 
have been generated using two dimensional polyacrylamide gel 



Rock tt, "Macroresults through Microarrays," Drug Discovery Today 
7:804 - 805 (2002) (emphasis added), attached hereto as Exhibit K. 



electrophoresis (2D- PAGE) , and used, among other things, 
study drug eff cts.' 



13. Although the protein expression profiles 
produced by 2D- PAGE analysis are analogous to the transcript 
expression profiles provided by nucleic acid microarrays, an 
even closer analogy is perhaps offered by antibody 
microarrays; as I note in my Drug Discovery Today commentary, 
such antibody microarrays date back to the work of Roger Ekins 
in the mid- to late-1980s. 7 

14. The principles in paragraph 10 also apply to 
protein expression profiling analyses, particularly to 
analyses performed using antibody microarrays. Thus, as with 
nucleic acid microarrays, the greater the number of proteins 
detectable, the greater the power of the technique; the 
absence or failure of a protein to change in expression levels 
does not diminish the usefulness of the method; and prior 
knowledge of the biological function of the protein is not 
required. As applied to protein expression profiling, these 
principles have been well understood since at least as early 
as the 1980s. 

15. Both gene and protein expression profiling are 
particularly useful to the toxicologist , especially in the 
pharmaceutical industry. Accordingly, I made the following 



See, e.g., Anderson et al., "A two-dimensional gel database of rat 
liver proteins useful in gene regulation and drug effects studies • 
Eiectrophoresis 12:907 - 930 (1991), attached hereto as Exhibit l! 

7 S e Ekins et al., J. Bioluminescence Chemi luminescence 5-59-78 
(1989); Ekins et ml.. Clin. Chem. 37: 1955-1965 (1991); and Ekins. U S 
Patent Nos. 5.432,099. 5.807,755. and 5,837.551. attached hereto 
respectively as Exhibits M to Q. 



statements in my Xenobiotica revi w, written in the 
1998: 



ll]n the field of chemical -induced 
toxicity, it is now becoming increasingly obvious 
that most adverse reactions to drugs and chemicals 
are the result of multiple gene regulation, some of 
which are causal and some of which are casually- 
related to the toxicological phenomenon per se. 
This observation has led to an upsurge in interest 
in gene-profiling technologies which differentiate 
between the control and toxin- treated gene pools in 
target tissues and is, therefore, of value in 
rationalizing the molecular mechanisms of 
xenobiotic-induced toxicity. 

Knowledge of toxin- dependent gene 
regulation in target tissues is not solely an 
academic pursuit as much interest has been 
generated in the pharmaceutical industry to harness 
this technology in the early identification of 
toxic drug candidates, thereby shortening the 
developmental process and contributing 
substantially to the safety assessment of new 
drugs . 

For example, if the gene profile in 
response to say a testicular toxin that has been 
well-characterized in vivo could be determined in 
the testis, then this profile would be 
representative of all new drug candidates which act 
via this specific molecular mechanism of toxicity, 
thereby providing a useful and coherent approach to 
the early detection of such toxicants. 

Whereas it would be informative to know 
the identity and functionality of all genes up/down 
regulated by such toxicants, this would appear a 
longer term goal, as the majority of human genes 
have not yet been sequenced, far less their 
functionality determined. However, the current use 
of gene profiling yields a pattern of gene changes 
for a xenobiotic of unknown toxicity which may be 
matched to that of well-characterized toxins, thus 
alerting the toxicologist to possible in vivo 
similarities between the unknown and the 
standard. . . . 



Despite the d velopment of multiple 
technological advances which have recently brought 
the field of gene expression profiling to the 
forefront of molecular analysis, recognition of the 
importance of differential gene expression and 
characterization of differentially expressed genes 
has existed for many years. 



16. As noted in the preceding excerpt from my 
Xenobiotica review, expression profiling in toxicology studies 
yield patterns of changes that are characteristic of an agent 
of unknown toxicity, which patterns may usefully be matched to 
those of well-characterized toxins. 

17. in the context of such patterns of gene 
expression, each additional gene-specific probe provides an 
additional signal that could not otherwise have been detected, 
giving a more comprehensive, robust, higher resolution - and' 
thus more useful - pattern than otherwise would have been 
possible . * 

18. It is my opinion, therefore, based on the state 
of the art in toxicology at least since the mid-1990s — and 
as regards protein profiling, even earlier - that disclosure 
of the sequence of a new gene or protein, with or without 
knowledge of its biological function, would have been 



* In a sense, each gene-specific probe used in such an analysis is 
anal gous to a different one of the many parts of an engine wiS each 
^dividual part, or subcombinations of such parts, deriv^g at least part 
?L^„ U ren U Se SS ^ ° f con^ion"^" 



sufficient information for a toxicologist to us ~ th gene 
and/or protein in expr ssion profiling studi s in toxicology. 

19. The statements made in this declaration 
r present my individual views and are not intended to 

r present the opinion of my employer, the United States 
Environmental Protection Agency, or of any other branch of the 
federal government. Other than my current engagement to 
provide this declaration, I have neither had, nor currently 
have, financial ties to, or financial interest in, Incyte 
Corporation. I am not myself an inventor on any patent 
application claiming a gene or gene fragment. 

20. I declare further that all statements made 
herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true, and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and may 
jeopardize the validity of any patent application in which 
this declaration is filed or any patent that issues thereon. 

Date 
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CURRICULUM VITAE 



PERSONAL DETAILS 



Name: 
Nationality: 
W rk Address: 



John Coughlin Rockett m 
USA 

United States Environmental Protection Agency 

National Health and Environmental Effects Research Laboratory 

Reproductive Toxicology Division (MD-72) 

Gamete and Early Embryo Biology Branch 

Research Triangle Park 

NC 27711 

USA 



W rk Telephone: +001 (919) 541 2678 
W rk Fax: +001 (919) 541 4017 



W rk E-mail: 



rockett.iohn@.epa. gov 



Employment and Higher Education - 



CURRENT POSITION (12/00-present) 
Research Biologist 

Gamete and Early Embryo Biology Branch (MD-72) 
Reproductive Toxicology Division 

National Health and Environmental Effects Research Laboratory 

US Environmental Protection Agency 

Research Triangle Park 

NC 27711 

USA 



PREVIOUS POSITIONS 

8/98-12/00: NHEERL Post-Doctoral Research Fellow, Gamete and Early Embryo Biology 
Branch, Reproductive Toxicology Division, National Health and Environmental Effects 
NC ^ Lab0rat0iy * United States Environmental Protection Agency, Research Triangle Park, 
Supervisors: Dr Sally P. Damey (Scientific publications under Sally D. Perreault) and Dr David 

5/95-7/98: Rhone-Poulenc Post-Doctoral Research Fellow, Molecular Toxicology Group, School 
of Biological Sciences, University of Surrey, Guildford, Surrey, England 
Supervisor Prof. G. Gordon Gibson. 



EDUCATION 



Ph.D., 1995 - University of Warwick, Coventry, W. Midlands, England 
Cmcct" 11816111 ^ 8 FaCt ° r ' P ** hBmat Reco ^ tion Molecules in Oesophageal 

H^THo^kalT °' M<>lriS mVeRity ° f Wanvick) 3,1(1 Dr S - Jane Damton (Birmingham 

B.Sc (Hons.), 1991 - University of Warwick, Coventry, W. Midlands, England 

Degree: Microbiology and Microbial Technology (with intercalated year in industry), Class 2i. 

Tutor Professor Howard Dalton. 
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PROFESSIONAL ACTIVITIES 
Membership of Professional Societies: 

Society of Toxicology (Inc. Molecular Biology Speciality Section) (2001 -present) 
Science Advisory Board (2001 -present) 

North Carolina Chapter of the Society of Toxicology (1 999-present) 

Triangle Consortium for Reproductive Biology (1 999-present) 

Triangle Array Users Group (1 999-present) 

Institute of Biology (UK.) (1 989 - present) 

British Toxicology Society ( 1 996 - 2000) 

Biochemical Society (U.K.) (1992-1995) 

British Society for Immunology (1992-1995) 

Membership of Scientific Committees: 

taxational Life Sciences Institute's (ILSI) Health and Environmental Sciences Institute CHEST) 
Technical Committee on the Application of Genomics to Mechanism-Based Risk Assessment- 

• Steering Committee (5/02-present). 

• Hepatotoxicity Working Group Vice-Chair (5/02-present). 

• Hepatotoxicity Work Group Member (5/01 -present). 

(07/01^^7* FCTtility Pre 8 n ""* Work Group of the National Children's Study 

Sntt^uX^ ^ RCSearch Lab ° rat0ry DiStingUiSh6d LCCtUrc SeriCS 

U.S. Environmental Protection Agency Genomics Task Force Microarray Technical 
Subcommittee (August 03-present). 

SSS^SSS STT"?? Effects Research Laboratory Genomics Proteomi « 

Committee (NGPC) (September 03-present). 
Professional Meetings: 

Invited ^artidpantrObserver**) in Expert Panel Workshop: "The Role of Environmental Factors 
on the Onse and Progression of Puberty in Children". Organised by Serono Symposia 
International. November 6^8*, 2003, Chicago, IL, USA. 

Joint organiser and co-chair of: "Genomic analysis of surrogate tissues for measuring toxic 
exposures and drug action", the "Innovations in Applied Toxicology" Symposium for the Societv 
of Toxicology 42" r Annual Meeting, March 5»-i3*. 2003, Salt Lake CirTuT^SA 



(8) John C Rockett, David J. Esdaile and G Gordon Gibson (l 999* r>i«™-\,i 
u, drug metabolism: practicalities, problems and plSSM^SS! 

mwmZ^Z ^ 5 ^ C M L ^ "fflS 'Wright and 

CM Wilhams (1999). The quantitation of lipoprotein lipase mRNA in biopsies of human adioose 

tissue, using the polymerase chain reaction, and the effect of increased co^ptfonX^ I 

polyunsaturated fatty acids. European Journal of Clinical Nutrition, 53:441-447 

(6) JC Rockett, DJ Esdaile and GG Gibson (1 997). Molecular profiling of non-genotoxic 
carcinogenesis usuig differential display reverse transcription polymerase chS Son (ddRT- 
?CR). European Journal of Drug Metabolism & Pharmacokinetics 22(4):329-33. 

(5) Rockett, J., I^rkin, K., Darnton, S., Morris, A. and Matthews, H. (1 997). Five newlv 

stage and grade, 7<W of Clinical Pathology 49:264-26™ ' 

(3) J C Rockett, S J Damton, J Crocker, H R Matthews and A G Morris H995^ Fvn™«™ ft rm 
ABC and HLA-DR histocompatability antigens and intercellula^ " 
oesophageal carcinoma. J 0 «ma/ of Clinical Pathology 48:539-44. 

S^^ R °^ J ^? °" 5) - 11,6 prevalence of different hu ™> Papillomavirus 

(1) Salarn M, Rockett J and Morris A (1995). General primer-mediated polymerase chain reaction 
for snnultaneous detection and typing of HPV in laryngeal carcinomas. OiZmlTryt^ 



2) Articles Submitted To A Scientific Journal 

(4) J hn C Rockett, Judith E. Schmid, Christopher J. Luft, J. Brian Garges, M Stacey Ricci 
Infertility m Rodent and Human Models. * An invited <uhn,i^„* m 

g I Roger Ulrich, John C. Rockett, G. Gordon Gibson and Syril Pettit. Evaluating the Effects of 
Methapynlene and Cloflbrate on Hepatic Gene Expression: A Collaboration Brt^LibSriL 
and a Comparison of Platform and Analytical Approaches. Laboratories 

A ^ o HCle £ M HaiTieS ' J6fifrey F Warin *> Ro &« Jo »y» Angus de Souza, Judith E 
Schmid, Hong Ni, Roger Brown, Roger G Ulrich and John C. Rockett. Clofibrate-Induced Gene 
Expression Changes in Rat Liven A Cross-Laboratory Analysis Using Membrane tS$Z££? 



(1) David Miller, Corrado Spadafora. David Dix Arfr, a « m~**~ T „ ' " 
(3; Articles In Preparation For Submission To A Scientific Journal 

(1) J. Christopher Luft, Douglas B. Tully, John C. Rockett Judith P c.k m j 
David J. Dix. Reproductive and genomic effect, in £ct7c £ ' Sdnmd 311(1 

disinfectant b^duct taStoSLS^ ^ ^ l ° Water 

Book Chapters 

Preparation. * An invited S uhn,i*« in „* V ^ Human Pre «. Totowa. In 

(3) John C. Rockett and David J Dix fimp t vnm , r ' XT 

80386-8 (2003). ^.fariW^IlT ^ Publ '*mg Group. London, New York. ISBN 0-333- 

£^£££SEr?52^ In Michael BurczynsJci (ed): "An 
PP299-317 (2003). M^WrJ^^ Bt>CaRa,0n - London - Ne » Washington D.C., 

£n»<^ 

« cy me esophagus. Bologna: Monduzzi Editore, pp45-49 (1996). 



8 



(9B) Nazzareno Ballatori, James L Boyer, and John C. Rockett (200^ Fv«i«;^„ r 
^Undc^tan d the Faction, Regulation and Evolution^ <2£ if To^S R^'" 
Genes. Environ Health Perspea. 1 1 1(6):87L5. (A Meeting Report) 

(9A) Nazzareno Ballatori, James L Boyer, and John C. Rockett. (2<m\ Fmi«it;«. r.~ 
toUnder^theFuncu^Ifeg,,!^^ 

Genes. EHP Toxicogenomics. 1 1 l(IT):61-5. (A Meeting Report) ° X1C0l08 ' cail >' Releva " 
(8) John C. Rockett (2002). Surrogate Tissue Analysis for Monitoring the Degree and Imnac. of 

rcpMs401 1.1-4011.3 awfrnm***** mnJX*,*^ , ■ «- rM f ** 

(A Melting Report) «"M-«20-3 (totp://te n omeh,olo g vcnmOnni 7 / 9 /rro( , r , !i/4n , nn 

a)JohDCR<«k«. (2001). Chipping away at the mystery of drug responses 7* e 

(2) Rockett, John C. and Dix, David J. (1999). U.S. EPA workshop: Application of DNA arrays to 
Tox.cology.Wo,™*™/^ 

(1) John C Rockett III (1995). Immune recognition molecules and transforming growth factor 
S,) 8 PhD - ^ UniVCTsi ^ of Coventry, KJET 

6) Published Book, Paper and Website reviews 

™«H^' (2M2) - A "P 0 " on "» """"script: Systemic RNAi in C. elegans requires the 

http://genomehmln f 7 Y r o m /2002n/7/reDorts/nn^4/ 



(8) John C Rockett (2001). A report on the manuscript- Genetic rescue nf^ ^ 
■ by cross-species nuclear transfer using post-mortem soL^et ?£? tS ^ST^ 
2001, 19:962-964. GenomeBMogy, 3(l):reports0006. * NatBtotechn o^ 

(http^/genomebiologv.com/? ooi/3/i/ Tg p nTtc/nnnA/) 

(J John C Rockett (2001). A report on the manuscript: Molecular Classification of Human 
Carcinomas by Use of Gene Expression Signatures. A Su et al., Cancer Res 2001 61 Eo* 
Semiology, 3(l)*eports0005. (httn://^^ —^^LS.^"- 7393 - 

(6) John C Rockett (2001). A report on the manuscript: Genetic evidence for two soecies of 

m^r^t £ET * SdenC K e : 2001 AUg 24 ^ 3 ^534):1473-7 
2(12).reports0045. (http.V/www.Penomebiolnav ™w> ooi/ 2 /i 2/rgp nrtc/nru</ 0 ° r ' 

2£!^ ° D ** manUSCript: Ext6nsive * enetic Polymorphism in the 

numan CYP2B6 gene with impact on expression and function in human liver. T Lancet al 

Pharwcogenacs, 200 , 1 1(5):399-415. G^meBiology, 2(12):reportsOoJ § ' 
(htt P .//www.genomebio1o g y m m/2001 /2/1 0 

http^www.genomebiolopvc^nn o!^^ ^^, 1 / ' 1 ^ re P orts20n - 

7163. ft— : ( 10): r«p<ms0032. teft,^^, ^ ffi*™* 

7; Published Abstracts of Poster and Oral Presentations 
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Barone Jr. Pauline Mendola and Reeder Sams. Validation of Non-InvaaveBioloeical Sanmw- 
Pilot Projects Relevant to the National Children Study. Society of Toxicology 43 ^A^uam^™ 
March 21«-25*, 2004, Baltimore, MD, USA. lexicological Sciences. (SubmTtted) * 

(15) B.S. Pukazhenthi, J. C. Rockett, M. Ouyang, D.J. Dix, J.G. Howard, P. Georeonoulos. W J J 
Welshed ID E L WML Gene Expression In The Testis Of Normospermic VeS T^ZZ* 

SK ^ C ^ U r g ?r^^^ anayAnalySeS - So ^tyformeSmdyofreSon 
36 ^Annual Meetmg, July 19*-22* 2003, Cincinnati, OH, USA. Biology ofR^oduZon 68 (Supp 

rl?*1 d a D " and ? bD - R ° Ckett (2003) ' Gen0mic and Proteomic of Surrogate 

Tissues for Assessing Tox,c Exposures and Disease States. Innovation in Applied Toxicology 

symposium entitled "Genomic and Proteomic Analysis of Surrogate TissueZforAss^g toxic 

Molecular Changes In Inaccessible Target Tissues Following Toxicant Exposure toSdWT 
Applied Toxicology Symposium entitled "Genomic and Proteomic Analytis of SurngaTZues 

March 9 -13 , 2003, Salt Lake City, UT, USA. Toxicologic^ Sciences 72(S-1):276. 

^°Effl™* J ' LUft ' J ° hD C R ° Ckett ' ^ E - Schm * «* ^vid J. Dix 

(2002). Effects on gene expression m testes from adult male mice exposed to the water disinfects 

JB^ST^"^ ft S r°rl ietyf ° r tke StUdy °f production & ^uT^My 
28-31, 2002, Baltimore, Maryland, USA. Biology of Reproduction 66 (Supp 1):223. 

n 1} ?^f, J * ^'^7 E * ^ nom P son » John C. Rockett, Judith E. Schmid, Robert J Goodrich. 
David Miller, G. Charles Ostermeier and Stephen A. Krawetz (2002). Test s andte^taz^la RNA 

?^,° f e n0 , rmal ^ ^ S ° Cietyf0r the Stud y of Reproduction 35'" AnnualVe^nTTlvTs 
31, 2002, Baltimore. Maryland, USA. Biology of Reproduction 66 (Supp 1):194 ' 

i° ha C R ° Cke% DaVid J - Dix "* Kwan Hee (2002). Identification of 
retmoic acid induced genes in mouse testis by cDNA microarray analysis. 21* Annual MeeZTof 
the Amencan Society ofAndrology, 4/24-27/02. J. Andrology Supplement March/Aprih * 

vIkHZ w^° Cket i ^ 0b 7 T J ^ vl0ck . C^sty Lambright, Louise G. Parks, Judith E. Schmid 

Id uteL^ S ° T J ' ^ ?°° 2) - USC ° f ° NA ^ t0 m0nit0r * ene expression tbtod 

and uterus from Long-Evans rats following 1 7-P-estradiol exposure - a new approach to 

!Z£ ™8 STUPtin8 ChemiCalS USing SUIT08ate tiSSU6S - 66(1): 

tata^'JS* pwr hD C R ^ (2 ° 02) - Genomic ma] y sis of the testicu ^ toxicity of 
haloacetic acids. Platform presentation at the symposium, "Defining the cellular and molecular 
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mechanisms of toxicant action in the testis". Toxicologic* Science 66 (1): Abstract No.848. 

?J? ^k"* J ^ 13 °? SCS md DJ Dix ( 2001 )- ™ e reproductive effects of the water 
^^^^ 

( ? ^ ^ KSaeMta ®. Rockett J C Suarez JD, Roberts NL and Rogers JM (2001) Effect 

Ao/ogy of Reproduction, 62 (sl);227. numans ana mice. 

(3) J Luft, J B Gorges J Rockett and D Dix (2000). Male reproductive toxicity of 
bromochloroacetic acid in mice; Biology of Reproduction, 62 (sl);246. 

(2) R ckett, JC, Garges, JB and Dix, DJ (2000). A single heat-shock of i..v«;i. i • 

a long-term decrease in fertility and reduces embryo ^^2^^ 

(1) JC Rockett, S3 Damton, J Crocker, HR Matthews and AG Morris (199V M™«r 

Histocompatability (MHC) class I and D and intercellular a^rio^ ^ , 

m oesophageal carcinoma (OC). Immunology 83 (sl)-64 ( ex P ression 



(8) Invited Oral Presentations 



tag. August 25*. 2(^T °Nc!1£f Gen0m,CS Pn " e< " mCS C 01 ™^'* AnayQA 
(8) John C. Rockett "Genomics and Proetomics • M?w Tox/W/v 7>« w Pi.tr 
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SoT 42 nd Annual Meeting symposium entitled "Genomic and Proteomic Analysis of Surrogate 
Tissues for Measuring Toxic Exposures and Drug Action", March 9*-13* j 2003, Salt Lake City, 
UT f USA. * 

(6) John C. Rockett "A T oxicogenomic Approach to Surrogate Tissue Analysis". Seminar for 
Department of Environmental and Molecular Toxicology, North Carolina State University 
September 3 , 2002, Raleigh, NC, USA. ^university, 

(5) John C Rockett. "Differential gene expression in toxicology: practicalities, problems and 
potential . Platform presentation at 9 th Annual Mount Desert Island Biological Laboratory 
Environmental Health Sciences Symposium: Exploiting Genome Data to Understand the Function 
Regulation and Evolutionary Origins ofToxicologically Relevant Genes, July 10 th -ll th 2002 
Salisbury Cove, Maine, USA. «.'uiyiu n ,2002, 

(4) John C. Rockett, Leroy Folmar, Michael J. Hemmer and David J. Dix. "Arrays for 
biomonitoring enviromnental and reproductive toxicology". Platform Presentation at Macroresults 
Through Microarrays 3 - Advancing Drug Development, April 29 ,h -May 1 2002, Boston, MA, 
USA. 

(3) John C. Rockett, SigmundDegitz, Suzanne E. Fenton, Leroy Folmar, Michael J. Hemmer Joe 

T,et S e ' «* J' Dlx " tVse of DNA Arrays in Environmental Toxicology" Platform ' 
presentation at the S Annual Lab-on-a-Chip and Microarrays for Post-Genomic Applications 
meeting, January H^-ie*, 2002, Zurich, Switzerland. explications 

^Km^S^^^' Semmarat ^ Molecular Biology Course, April 8<\ 1999, 

(1) John C. Rockett. "ContractServices for Array Applications". Seminar at the Triangle Array 
Users Group, May 1 , 1999, CUT, RTP, NC, USA. y 



(9) Other Poster and Oral Presentations 

(23) John C. Rockett, Wenjun Bao, Chad R. Blystone, Amber K. Goetz, Rachel N. Murrell 
Hongzu Ren, Judith E. Sctonid, Jessica Stapelfeldt, Lillian F. Strader, Kary E. Thompson an'd David 
J. Dix. Genomic Analysis ^of Surrogate Tissues for Assessing Environmental Exposures and Future 
Djsease States. J^I-HESI meeting: Toxicogenomics in Risk Assessment - Assessing the Utility 
Challenges, and Next Steps. June 5 -6*, 2003, Fairfax, VA, USA. 

(22) John C. Rockett, Wenjun Bao, Chad R. Blystone, Amber K. Goetz , Rachel N. Murrell 
Hongzu Ren, Judith E. Schmid, Jessica Stapelfeldt, Lillian F. Strader, Kary E. Thompson and David 
J. Dix. Genomic Ana^sis of Surrogate Tissues for Assessing Environmental Exposures and Future 
Disease States. EPA Science Forum, May 5 th -7 lh , 2003, Washington, D.C., USA 



13 



(21) Germaine Buck, Courtney Johnson, Joseph Stanford, Anne Sweeney, Laura Schieve, J hn 
Rockett, Sherry Selevan and Steve Schrader. Prospective Pregnancy Study Designs for Assessing 
Reproductive and Developmental Toxicants. American Epidemiology Society Meeting March 27*- 
28* 2003, Atlanta, GA, USA. 

(20) John C Rockett, Chad R. Blystone, Amber K. Goetz, Rachel N. Murrell, Hongzu Ren, Judith 
E. Schmid, Jessica Stapelfeldt, Lillian F. Strader, Kary E. Thompson, Doug B. Tully, Paul Zigas 
and David J. Dix. Genomic Analysis of Surrogate Tissues for Assessing Environmental Exposures 
and Future Disease States. National Children 's Study Assembly Meeting, December 1 6 th -! 8* 2002 
Baltimore, MD, USA. 

(19) J hn Rockett. The Use of Gene Expression Profiling to Detect Early Biomarkers of Adverse 
Effects Prior to Clinical manifestation. National Children 's Study: Meeting of EPA Project Leaders 
- Methods Development Projects. November 20 th , 2002, USEPA, RTP, NC, USA. (Oral 
Presentation) 

(18) GC Ostermeier, RJ Goodrich, K Thompson, J Rockett, MP Diamond, K Collins, NICHD 
Reproductive Medicine Network, DJ. Dix, D Miller and SA Krawetz. Defining the spermatozoal 
RNA population in normal fertile men. American Society of Reproductive Medicine October 12-17 
2002, Seattle, WA, USA. 

(17) G. Charles Ostermeier, Robert J. Goodrich, Kary Thompson, John Rockett, Michael P. 
Diamond, Karen Collins, NICHD Reproductive Medicine Network, David J. Dix, David Miller and 
Stephen A. Krawetz. RNAs isolated from ejaculate spermatozoa provide a noninvasive means to 
investigate testicular gene expression. Gordon Conference on Mammalian Gametogenesis & 
Embryogenesis, June 30*-July 5 th , Connecticut College, New London, CT, USA. 

(16) David Dix, John Rockett, Judith Schmid, Lillian Strader, Douglas Tully. Genomic analysis of 
testicular toxicity. USEPA/NHEERURTD Peer Review, October 22 nd , 200 1 , RTP, NC, USA. 

(15) David Dix, John Rockett, Judith Schmid, Douglas Tully. Monitoring human reproductive 
health and development through gene expression profiling. USEPA/NHEERURTD Peer Review 
October 22 nd , 2001 , RTP, NC, USA. 

(14) Patrizio P, N Hecht, J Rockett, J Schmid and D Dix (2001). DNA microarrays to study gene 
expression profiles in testis of fertile and infertile men. 57th Annual Meeting of the American 
Society for Reproductive Medicine, October 20 th -25 t \ 2001, Orlando, FL, USA. 

(13) Jimmy L. Spearow, Dale Morris, Uland Wong, Rashid Altafi, Saeed Eteiwi, Mark Stanford, 
Trevor Steams, Lorena Orozio, Angela Chen, John Rockett, Douglas Tully, David Dix and 
Marylynn Barkley. Genetic Variation In Susceptibility To The Disruption Of Testicular 
Development And Gene Expression By Pubertal Exposure To Estrogenic Agents. Third Annual 
University of California at Davis Conference for Environmental Health Scientists, Disruption of 
Developing Systems and Advances in Therapeutic Approaches August 27 th , 2001, UC Davis CA 
USA. 
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(12) Tarica DK, Klinefelter GR, Rockett JC, Suarez JD, Roberts NL and Rogers JM f200n EfT«* 
of gestational expire to ethane dimethane sulfonate (EDS), tanodto^SSSS anf 
mobnate on reproductive function in CD-I male mice. North Carolina Society ofToricoloevWmter 
Meeting, March 3 rt , 2001. NIEHS, RTP, NC, USA. oncology Winter 

l U) D !2l 1 ? l, i ttta Roctat1, ^ Folmar ' Hemmer . Sigmund Degitz, and Josenh 

Tietge (2001). Biomonitoring the Toxicogenomic Response to Entate dJ£J£ in 
Humans Laboratory ^Species and Wildlife. US. - Japan International Worksl^M^ne 
2>«r K p/ I ^CA^i C aZs,Febiuary28*-March3 ,d ,2001,Tsukuba,Japan. serine 

FS/n n ^° C ^f a S L - i?* 1 *' J ' BriM GargeS ' J - Christopher Luft, Chisato Mori and David 
J Dix David Dix (2001). The effects of hyperthermia on spermatogenesis, apoptosis gene 
expression and fertility in adult malemice. Triangle Consonium for Reproductive Bioh^y Annual 
Meeting, January 27 , 2001, RTP, NC, USA. ^»ve moiogy Annual 

rfSSM^fJ'jST J B ' JC ^ Id2£rda ^ ( 200 °)- Testosterone Regulation 

E£ M ~ al C ° ngreSS October 29* Novemb^ 2-. 

(8) J Rockett, J Luft, J Garges, M Ricci, P Patrizio, N Hecht and D Dix (2000). Using DNA 
microarrays to characterise gene expression in testes of fertile and inferti e huxnans ^d mke 
Functional Genomics & Microarray Data Mining, August 3 rt -4th» 2000, Durham^ NC, USA. 

(7) R ckett JC, S Ricci, P Patrizio, NB Hecht, JB Garees and DJ Div onnm r„ c 

the Maatn^*, Teats. 5* NHEEJtL im K^Sc vZ ^ 0 " " 

(6) J Lnft J B Garges, J Rockett and D Dix (2000). Male reptoductive toxicity of 
S??^ S ^ ^ ""^"-Wa—fLw, April 28* 

(5) R ckett JC, S Ricci, P Patrizio, NB Hecht, JB Garses and DJ Di* nnnm r n • • 

Applied to Drug Discovery meeting, January 1 1*-15* 2000,Santa Fe,NM, USA. 

(4) JC Rockett and DJ Dix (1999). Development of DNA arrays for the analysis of testis-expressed 
genes in humans and mice^e 8th Annual National Health and Environmental EfieTReZch 
Laboratory Open House. November 2 nd -3 rt , 1 999, RTP, NC, USA. research 

(3) JC Rockett, DJ Esdaile and GG Gibson (1997). Molecular profiling of non-genotoxic 
r^TeTriZr ^ c chain -actn d dRT . 

^^i^S^^ MM ^' 19,h - 22 " d ' 1998 ' diversity of Surrey, 

(2) JC Rockett, DJ Esdaile and GG Gibson (1997). Molecular profiling of non-genotoxic 
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carcinogenesis using differential display reverse transcription polymerase chain reaction (ddRT- 
PCR). Poster presentation at Symposium on Drug Metabolism: Towards the next Millennium 
August 26 -28*,1997, London King's College, London, England. 

(1) J R ckett, S Damton, J Crocker, H Matthews and A Morris: Major Histocompatibility Complex 
(MHC) class I and II and Intercellular Adhesion Molecule (ICAM>1 expression in oesophageal 
carcinoma. Oral presentation at The 6th World Congress of the International Society for Diseases of 
the Esophagus, August 23 n, -26*, 1995, Milan, Italy. 
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Sevwe combined immunodeficiency asso- 
iiued with inherited deficiency of ADA 
(i) if usually fatal unless arreted children 
«« kept in protective isolation or the im- 
mune system is reconstituted by bone mar. 
tow transplantation from a human leuko- 
cyttanti^fHl^Mdenucal sibling donor 
rr " of choice, although 

it u available only for a minority of patients, 
[^recent yean, other forms of therapy have 
been developed, including transplants from 
naptoidenucaJ donors (3,4) . exogenous en- 
iyme replacement (5), and somatic-cell 
gene therapy (6-9). 

1 . ^^T^y rt P° rtcd » preclinical mod- 
el m which ADA gene transfer and expression 

LS^SL* 4 ** 0, T «*«** G« Tharapy Program 

g^^y^^^^ofBras^ 

Jvgfjf* Wdi l mif M iuJa i a u i, rjOT. Istiluto S6- 

•nt*ooK&Ra«aa*e. Mian, ttaiy. 

P. Pantoa, Roche Mitano Ricarcha, Mkm. nary. 
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successfully restored immune runctions in hu- 
man ADA-deficient (ADA") peripheral 
Wood lymphocytes (PBLi) in in^munodefi- 
cient mice in vivo (JO, JJJ. On the basts 0/ 
these preclinical results, the clinical appltca- 
AnA- f J^ ^ the treatment of 

AUA 5QD (severe combined immunodefi- 
ciency disease) patients who r^reviousry railed 
exogenous enzyme replacement therapy was 
approved by our Institutional Ethical Com- 
mittees and by the Italian National Commit- 
tee for Bioethics (12). In addition to evaluat- 
ing the safety and efficacy of the gene therapy 
procedure, the aim of the study was to define 
the relative role of PBLs and hematopoietic 
stem cells in the long-term reconstiturion of 
immune functions after retroviral vcaor-me. 
dated ADA gene transfer. For this purpose, 
two structurally identical vectors expressing 
/ JL, uman ADA corruilemeniary DNA 
(cDNA), distinguishable by the presence of 
alternative restriction sites in a rtonfuwitional 

Jf™l ** Viral lon «- ten wnal repeat 
(LTR), were used to transduce PBLs and bone 
marrow (BM) cells independently. This pro- 
cedure allowed identification of the origin of 
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subsequent to xenobiotic challenge Such mfo^Tl enwonmental conditions or 
deciphering of molecular pathwa^d fa^t^Te^ *"*■*»■ 
and diagnostic procedure^ However A?lS^lfL development of new experimental 
P^I-beeom^etmfu^ffSS^^^^ 8 ^ hunt .P* sho «ld be fprgiven for 
almost as many methods SSSSSSi!^ST m there appem to be 

groups using the technique. ^ deferentially expressed genes as there are research 

2. The aim of this review was to clarifv th* ——l-j r j~ 
analysis and the mechanistic jmSSSSS^^I^ ^"^ene expression 
some of the practical aspects of u5^SSffi?B^ ,I ^i" » on 
open ' systems, which require no prioSS'^ MS * placed on *« so-called 
model. Whilst these will eventual!? ™rSc2fe?W^ ""^ d *e study 

^^^aaan^nJZub^^^L^ti *Y*tar*m the study of human! 
those examining less fashionable modS r ' ^ ^ nnain 8 P° werful ««>oI to 

barbital, a well-Jow. in d ™ J ^«S£J5j^^ ^ure to pheno- 

"ta^St^cT^&^i 6 ^ { ° T build ^ Varies and 

xenobiotic toxicants, whTch «S?cT3^2S^ ° f enzyme mdu «rs J 

characterizatio, of xenobiotic i^SSSSS^^JT *« ™« 

Introduction 

~S-3K ^ * «« - -y non- 

compared to their normaTsme ?Huntlr i^^T^ST 011 in the >ff ««l 

Such changes also occur in resolnse t^ ill ' . J r "1 Va " He S nin 8<=n 1 998). 
organisms (Rohn et al. l^^oWS ^ P* 08 "* micro " 
1998) and xenobiotics {St^O^ ml^^^^^ 1998 ' Lunne y 
1998), as well as during the dwdomn^ f g ^ 1998 ' Ramana and K °M 
Rudin and Thompson^! ScnS iJ > f und,ffere ™ ated cells (Hecht 1998, 

I SSi ' 
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cell i ^development or response and should help in the elucidation f soedfic »w 
sensitive biomarkers representing, for example, different types of^ri? • 
exposure to certain classes of chemicals tha? a7e en^eS 

In drug metabohsm, many of the xenobiotic-metabolizing enzymes fincludi™, 

protons w hKh may be crucial to the phenomena, o 'induction 
fa.ow.ed seto Jder^a "u^S 

not solely an acadermc pursun as much interest has been genStedT Z 
pharmaceuncalindustrytoharnessthistechnologymtheearlvidenS^l ? 

challenge T' s «ertf "dwf ,S "° wava,labk 10 b «8« "tempting this difficult 

ttSSSTZZZ^^ 



Differential gene expression 6S7 

altered expression in cells of one population compared to an ther These method 
have been used to identify differential gene expression in many^adonT incfud? 
invading pathogenic microbes (Zhao et al. 1 998) in celk rJZ,7 ' mclud ing 
and intracellular microbial invasion (Duguid * 
Maldarelli et al. 1998), in chemically treTd ^^JTi^TT^ " ? / 
1999), neoplastic cells (Liang et al 1992 cl 1h t I' I * * 
activated cells (Gurskaya \et al 1996 wiT* JlSS.^L Ter2agh, - Howe 19 98), 
al. 1991, Guimaraes et al 199 M^'d d^ ! 6) ' l ? lffe — "lis (Hara , f 
Hedrick et al. 1984, Xhu etal \ 998) All ? m ^ (DaViS " ^ 1984 ' 
technologiesareappl^ -lysis 
advantage is that, in most cases absolutely ! T I' , ?* m ° St ™P 0T *™ 
which are up. or down-regulatec ° f *« 

several methodological approaches 3^ ' " * CatCg0rized int0 

(1) Differentia] screening, 

, n r ' suppressjon-PCR subtractive hybridization- 

m n "P."*""""™ 1 Terence analysis-RDA), ^"dttation- 

(3) Differential display (DD), 

(4) Restriction endonuclease facilitated snow* i j- 
expression-SAGE-and len^l™^* (indudin g "»al analysis of gene 

(5) Gene expression arrays and * " fin * er P™»*-GEF), 

(6) Expressed sequence tag (EST) analysis. 

subtie (and sometime not s ' ™ S H °" ev ". «"* ">«hod has its ow „ 

»d di»dva„ ttg r wrr wh rv ncur vari ° us ""■»-««« 

use of DNA arrays will also L ,™m j " e L se ^ en f es ^ analysis and the 

-j^^^hZ^i^zs^i™? for T. pie,£ness whiis < 

a. _ , . f*«v«;u on suppression rCR subtractive hybridization /cqu 
the approach employed in this Uhnr*t n ™\ • i_ , . «y"riaizauon (bbH, 

Differ ntial cDNA library scr ning (DS) 

b™2TL^7 J ° Pmem ° f mUhipIe " c hnolo s icaJ advances which h.v e recently 
Oavis W These ™h £ ^ .^t^KSS ^ 
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hybridization \ which was used to isolate galactose-inducible DNA ■• flUMM . t 
yeast The Aeory is simple: a genomic DNA library J ^prepared ZTno^ 
unstimulated cells f the test organism/tissue and^^n ^toS 
prepared. These rephca blots are probed with radioactively (or otherwise) Su 

tT A 'I*? '"JET 6 fr ° m de C ° mro1 and test « U «*NA popurtions 
Those mRNAs winch are differentially expressed in the treated ceU population wffl 
show a pos,t,ve s^al only on the filter probed with cDNA from the treated ceUs 
FurAermore labelled cDNA from different test conditions can be used o probe 
multiple blott, thereby enabling the identification of mRNAs which are only up! 
regulated under certain conditions. For example, St John and Davis (1 979) screened 
rephca filters with acetate-, glucose- and galactose-derived probes in order to obuin 

Zl*?£Z C * CallY ^ ga, r t0 r metab0Hsm - g roundbrea k S g t^ 
time this method is now cons,dered insensitive and time-consuming, as up to 2 
months are required to complete the identification of genes which are different blly 
expressed in the test population. In addition, there is no convenient way to S 
that the procedure has worked until the whole process has been completed. 

Subtractive Hybridization (SH) 

The developing concept of differential gene expression and the success of early 
approaches such as that described by St John and Davis (1979) soon gave rise to a 
search for more convenient methods of analysis. One of the first to be developed was 
SH, numerous variations of which have since been reported (see below). In geneTaT 
this approach involves hybridization of mRNA/cDNA from one population ^[tester) 
to excess mRNA/cDNA from another (driver), followed by separa Son of the 
unhybridized tester fraction (differentially expressed) from the ^bridized common 
sequences. This step has been achieved physically, chemically and through the Use 
of selective polymerase chain reaction (PCR) techniques. 

Physical separation 

nf , °, ri !^ aI f ubtractive hybridization technology involved the physical separation 
of hybridized common species from unique single stranded species. Several methods 
of achieving this have been described, including hydroxyapatite chromatography 

nd'T . 1983) - avidin " bi0 «" Oology (Duguid and Dina uer 9W) 

and ohgodT-latex separation (Hara et al. 1991). In the first approach common 
mRNA species are removed by cDNA (from test cells)-mRNA (from com TcTlk) 
subtractive hybridization followed by hydroxyapathe chromatography, as hydro" 
apatite specially adsorbs the cDNA-mRNA hybrids. The unabsorbed cDNA is 
then used either for the construction of a cDNA library of differentially expressed 
genes (Sargent and Dawid 1983, Schneider et al. 1988) or directly as a probe to 

984? a A Pr " CleCted l lbrar y ^merman et al. 1 980, Davis et al. ! 984, Hedrick . til 
1984). A schematic diagram of the procedure is shown in figure 1 

Less rigorous physical separation procedures coupled with sensitivity enhancing 
PCR steps were later developed as a means to overcome some of the problems 

~ ered ;? Yl° XyZpatitt pr0CCdure - For « am P le . Daguid and DVnaue 
1990) described a method of subtraction utilizing biotin- affinity systems as a means 

^z^a^I- comm r sequences - In this process ' b ° th the 

tester mRNA populations are first converted to cDNA and an adaptor (' oligovect r \ 
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Control (driver) mRNA 




Tester (test) cDNA (1st staid) 
TTTTT 



Mix (ratio >35:1)& hybridize 



-AAAA . . . . 

-TTTT AAAA 



-AAAA AAAA 



Hydroxyapatite chromatography — > RNAxDNA hybrids removed 



Unhybridized 

cONA (differentially expressed) 
and mRNA 




I 

I 

Enriched, differentially expressed cDNA 



Produce clones Label directly and probe library 
Figure 1. The hydroxyapatite method of subtractive hybridization. cDNA derived from th. 

fragments are removed by exclusion chromatography. The remaining cDN As are thenTlon^H • t 
XSSSSS?* M ^ ^ " Pr ° be « ^ -^S£3 byS^ent 

contaming a restriction site) ligated to both sides. Both populations are then 
amplified by PCR, but the driver cDNA population is subsequently digested with 
the adaptor-containmg restriction endonuclease. This serves to cleave the oliw- 
vector and reduce the amplification potential of the control population. The digested 
control population is then biotinylated and an excess mixed with tester cDNA 
Following denaturation and hybridization, the mix is applied to a biocytin column 
(streptavidin may als be used) to remove the control population, including 
heteroduplexes formed by annealing of common sequences from the tester 
population. The procedure is repeated several times following the addition of fresh 
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Control (driver) mRNA 




AAAA 



| Anneal mRNA to pdydTx latex beads 

••••••• ••••»• 



AAAA ••••••••••• 

I cDNA synthesis 



Mix and anneal 



T 



AAAA- 



AAAA 



•rat 



AAAA 



1 

Centrifuge beads, collect and store supernatant, 
dissociate polyA, reapply supernatant 



AAAA 



AAAA 



Tester-specific mRNA retrieved after 
4 rounds of hybridization 



cDNA synthesis 

i 

Ligate adaptors and insert into vector 

Sequence inserts and/or carry out 
other downstream applications 

Figure 2. The use of oligodT^ latex to perform subtractive hybridization. mRNA extracted from the 
control (driver) population is converted to anchored cDNA using polydT oligonucleotides 
attached to latex beads. mRNA from the treated/altered (tester) population is repeatedly 
hybridized against an excess f the anch red driver cDNA. The final populati n f mRNA is 
tester specific and can be converted int cDNA for cloning and other d wnstream applicati ns, as 
described by Hara et al. (1991). 
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control cDNA. In rder to further enrich those species differentially expressed in 
the tester cDNA. the subtracted tester population is amplified by PcSowint 
every second subtract™ cycle. After six cycles of subtraction (three reamplificatiS 
steps) the reaction mix is hgated into a vector for further analysis 

«J?rfV^ h * differCnt 1 a PJ >roach - Hara « (1991) utilized a method whereby 
oligo(dT ) primers attached to a latex substrate are used to first capture mRNA 
extracted from the control population. Following 1st strand cDNA synthesis, the 
RNA strand of Ae heteroduplexes is removed by heat denaturatuJL centri- 
fugation (the cDNA-oligotex-dT, forms a pellet and the supernatant is removed 
A quantity of tester mRNA is then repeatedly hybridized to the immobilized control 
(driver) cDNA (which is present in 20-fold excess). After several rounds of 
hybridization the only mRNA molecules left in the tester mRNA population are 
those which are not found in the driver cDNA-oligotex-dT* population These 
tester-specific mRNA species are then converted to cDNA^and' iluZ'^Z 
addition of adaptor sequences, amplified by PCR. The PCR products are then 

PCRlwrl TsL 7" reSt " Cti0n SitCS Po-ed into tne 

PCR primers. A schematic illustration of this subtraction process is shown in figure 

However, all these methods utilising physical separation have been described as 
inefficient due to the requirement for large starting amounts of mRNA, signified 
loss of material during the separation process and a need for severa rounds^ 
hybridization. Hence new methods of differential expression analysis have recently 
been designed to eliminate these problems. recently 



Chemical Cross-Linking Subtraction (CCLS) 
. In this technique, originally described by Hampson et al. (1992), driver mRNA 
is mixed with tester cDNA (1st strand only) in a ratio of > 20-1 Tne common 

s : que r; ™ m A c T DNA - mRNA ^ g * h * 

sanded cDNA. Instead of physically separating these hybrids, they are iLctivated 
thenT I USm 5 f' d 'f '^"M-benzoquinone (DZQ). Labelled prob s are 
then synthesized from the remaining single stranded cDNA species (unreacted 
mRNA species remaining from the driver are not converted mto probe material due 
to specificity nrf Sequenase T7 DNA polymerase used to make the p^ejSutd 
to screen a cDNA library made from the tester cell population . A schemat c diagram 
of the system is shown in figure 3. 

, Sh °v Wn th3t thC differentia »y expressed sequences can be enriched at 

east 300-fold with one round of subtraction (Hampson et al. 1992), and ha the 

50 ,SOla « CDNAS de " Ved fr ° m —"P" that a " « 

at less than 50 copies per cell. This equates to genes at the low end of intermediate 

abundance (see table 1). The main advantages of the CCLS approach are that " 

rapid, technically simple and also produces fewer false positives than othe 

tfoZ^f CXPrC! T I" 31 , 78 " meth ° dS - H0WCVer ' Hke the P h * sical -P^ation 
protocols a major drawback with CCLS is the large amount of starting material 

required (at least lOpg RNA). Consequently, the technique has recently been 

refined so that a renewable source of RNA can be generated. The degenerate random 

HlTn^r^ (D f 0P) K adaPmi0n (HampS ° n rt aL 1996 Hampson an" 
!v„Tw- a ™? S l S "^T hexanucIe ° tid * sequences to prime soliS phase- 
synthesized cDNA. Since each primer includes a T7 polymerase promotor sequence 
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ConW (driver) mRNA 



-AAAA 
-AAAA 



"AAAA 
•AAAA 



1st strand cDNA syndesis 
followed by alkaline hydrolysis I 




TTTT 



Mix and anneal 



mRNAxDNA hybrids 



Unique cDNA species 



T 



-AAAA 



Hybrids are cross-linked 



Cross linking agent 
(DZQ) added 



xxxxxxxxx 



AAAA 



i 



Probes syntfiesised from single stranded cDNA 
species and used to probe cDNA library 

DNApdym^whichl^^Tm^J? * e " f^"*" Sequenase 2.0 

remaining mRNA molecule^rom £ S^ffiEE* '"k ' d ° CS " 0t " act with the 

library for clones of differentially ex P re« e ' Jou™ 1h ^ J" USed 10 SCreen 8 cDNA 
pennissio ^ y expressed sequences. Adapted from Walter et al. (1996), with 
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at the 5'end, the final pool of random cDNA fragments is a PCR-renewable cDNA 
population which is representative of the expressed gene pool and r.„ k j 
synthesize sense RN A for use as driver material. fJE^%£& J* £ 
random cDNA fragments is reamplified using biotinylated T7 primer «d random 
hexamer, the product can be captured with streptavidin beadLnd thTan^eLe 
strand eluted for use as tester. Since both target and driver can be general ThZ 
the same DROP product, subtraction can be performed in both dlreSon" e for 
up- and down-regulated species) between two different DROP products. 

Representational Difference Analysis (RDA) 

RDA of cDNA (Hubank and Schatz 1994) is an extension of the technioue 
originally applied to genomic DNA as a means of identifying different J bemeen 
two complex genomes (Lisitsyn et al. 1993). It is a process of ^STS 
amphficauon involving subtractive hybridization of the tester in the presenc^ of 
excess driver. Sequences in the tester that have homologues in th^e "r ver are 
rendered unamphfiable whereas those genes expressed only in the tester retab the 
ability to be amplified by PGR. The procedure is shown schematical^m figure ^ 

, CSS , C r! V D ^ V 7 tCSter mRNA P°P"l"ion S are first convened to cDNA 
and amplified by PGR following the ligation of an adaptor. The adaptors "e Ten 
removed from both populations and a new (different) adaptor Ced t0 the 
amplified tester population only. Driver and tester populations are next melted and 
hybridized together in a ratio of 100:1. Following hybridization, onTtSST^ 

m 0 rbo^r S end V s e H ^ " * *« DNA ^ -d'canZs M filled 

m at both 3 ends-Hence, only these molecules are amplified exponentially during 
the subsequent PGR step Although tester:driver heterohvbrid are p e e „t they 
only amplify in a linear fashion, since the strand derived from the driver na no 
adaptor to which the primer can bind. Driver: driver heterohybrids have no 
adaptors and therefore, are not amplified. Single stranded molecules are d gested 
with ™*g bean nuclease before a further PCR-ennchment of the ^tester tester 
homohybrids. The adaptors on the amplified tester population are then rep aced and 
*e whole process repeated a further two or three times using an increL „g excess of 
driver (Hubank and Shatz used a tester . driver ratio of 1-400 a 
1:800000 for the second third and fourth hybr.dizations re p c L y D^t 
adaptors are hgated to the tester between successive rounds of hybrid zation and 
amplification to prevent the accumulation of PGR products that might intrfere wi^ 
subsequent amplifications. The final display is a series of differemW^elS 
gene products easily observable on an ethidium bromide gel «P r «sed 
The main advantages of RDA are that it offers a reproducible and sensitive 
SZfS t th n8lyS1S ° { ™«™> n y "P-ssed genes. Hubank and Schatz ( 4 
reported that they were able to isolate genes that were differentially expressed in 
substantial* less than 1 % of the cells from wh,ch the tester is derived P^h ps th" 
mam drawback is that multiple rounds of ligation, hybridization, .mplifi.5« „d 

d»££ 77 ^ Pr ° CedUre 1S ' theref ° re ' le ^ hi " ^han ^many otW 

differential display approaches and provides more opportunity for operator-induced 
error to occur. Although the generation of false posh.ves has bee'noted, hi has 
been solved to some degree by O'Neill and Sincla.r (1 997) through the use o HPLC 
purified adaptors. These are free of the truncated adaptors which appear to bfa 
major source of the false positive bands. A very s im ilar ^echniq u e to R D A termed 
lmker capture subtraction (LCS) was described by Yang and Sytowski 0996 
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* ***** * dsteaitetojcDNA 

i Digest with restriction enzyme J, 



I Ligateto | 

▼ dephosphorylafed ^ 



12/24 adaptor 
strands 



^ Melt 12mer J, 



I Fill in 3' ends (Taq), add i 
* primer ( ) a nd J, 



amplify 



| °"9«l I Digest and ligate 

▼ new 12/24 adaptor 



Mix 100:1. melt and hybridize 



T 



RH in ends, add primer ( — ) and amplify 

J i 1 

bnear amplification Exponential amplification No amplHScrfon 

Digest PCR products with mung bean nuclease to remove 
ssDNA molecules present after amplification 

i 

First difference 

^U^^^^ cDNA are 

pop^onis^enam^ cDNA 
SHU. A second set of 12/24 adapt r «Ld.T^ ^ K / adapt " i$ rem ved 
p pularion, after which ^mkhJS^d^^ * ** amplified ttster cDN * 
adaptors .re melted and the V ends mS^hd^m *' "I™ of driver " The 12m « 
to the new 24mer adaptor. Thus £\l f. £ CR " ° arned ut with P rin «" identical 
amplified are those wwiKni^S^J^^ » ,r duC " W e hich ™ «Pone„ti,ll y 
rem ved with mung bean nuclei, «"„7 t hT' firs dS^/ 1 ^ ssDNA products are 
third set of 12/24 adaptors added pr ° duct \ This » <"*««d • 

stage. The process is repeated to the 3" 7^SS£tZ » h ' " ""r" f r ora * e Mridizati n 
(1993).»ndHubank and Schatz (1994) d,fference P^uct, as described by Lisitsyn et at. 
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Suppression PCR Subtractive Hybridization (SSH) 

The m st recent adaptation of the SH approach to differential expression 
analysis was first described by Diatchenko et al. (1996) and Gurskaya et al (m 6 ? 
They reported that a 1000-5000 fold enrichment of rare cDNAs (eo^valent u> 
isolating mRNAs present at only a few copies per cell) can be obtained without thl 
need for multiple hybridizations/subtractions. Instead of physical or chemical 
remova of the common sequences, a PCR-based suppression system is used (see 



In SSH excess driver cDNA ,s added to two portions of the tester cDNA which 

^7ch d^er 8 enS,r T * ^ ° f ^ridization serv* to 

enrich drfferentially expressed genes and equalize rare and abundant messages 
Equalization occurs since reannealing is more rapid for abundant molecules than for 

^Themo 8 n t0 , C K C °; d ° rder kin£tiCS ° f W"*™** Oames and Higgins 
1 985). The two primary hybridization mixes are then mixed together in the presence 

slT s s t s tZ and al , Iowed t0 hybridize further - This ^ *" 

smgle stranded complementary sequences which did not hybridize in the primary 
hybridization, and in doing so generates templates for PCR amplification. Although 
there are several possible combinations of the single stranded molecules present * 
the secondary hybridization mix, only one particular combination (di/erentialW 
expressed » the tester cDNA composed of complimentary strands having dS rem 
adaptors) can amplify exponentially. 8 

< H n5 g ° b ? ained 1 th i final d^erentia] display, two options are available if cloning 

comment "cell? T 7 " ^ ° f the final PCR "action into 

competent cells. Transformed colonies can then be isolated and their inserts 

charaaerized by sequencing restriction analysis or PCR. Alternatively, the fi na * 

PCR produce can be resolved on a gel and the individual bands excised, reampHfied 

and cloned The first approach is technically simpler and less time conTummg 

However liga ion/transformation reactions are known to be biased towardT"he 

cloning of smaller molecules and so the final population of clones will probably not 

contain a representative selection of the larger products. In addition although 

equalization theoretically occurs, observations in this laboratorv sugg st *TZt 

by no means perfectly accomplished. Consequently, some gene species are pres n 

of cWsThT T T and tHiS Wi " bC rCpreSented in ^ *** PoP^on 
of clones Thus, m order to obtam a substantial proportion of those gene species tha" 
actuaDy demonstrate differential expression in the tester population, * 
clones that w ,11 have to be screened after this step may be substantial. The second 
approach is initially more time consuming and technically demanding. However it 
would appear to offer better prospects for cloning larger and low abundance g 
products. In addition, one can incorporate a screening step that differentials 
drfferent products of different sequences but of the same size (HA-s^ing se 

iSfild can^h- Z 6 i<,Ca ° f ^ ^ - mber " — » ^ 
An alternative (or even complementary) approach is to use the final differential 
display reaction to screen a cDNA library to isolate full length clones for furthe 
characterization, or a DNA array (see later) to quickly identify known genes SSH 
has been used m this laboratory to begin characterization of the short-term gene 

anT Wv uZf Jp T ^^f^ such as Phenobarbital (Rockett et al. 1997} 
and Wy.14,643 (Rockett et al. unpublished observations). The isolation of 
differentially expressed genes in this manner enables the construction of a fingerprint 
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Tester cDNA with adaptor 1 

Driver cONA 
(in excess) 



Tester cONA with adaptor 2 




a,b,c,d & 



Mix samples, add fresh denatured driver, anneal 



T 



I 




Fill in ends 



I ItVJ 



I 



Add primers and 
amplify by PCR 




a,d no amplification 

b no amplification • suppressed due to 

formation of panhandle structure 
c linear amplification 

e exponential amplification 

^!uS^^^^S^ %\ > rim 7 ^ « -ess of d nvcr cDNA i, 
for SmeS 3 »nd 8 K T?; P°P ul """>- The samples are heat denatured and allowed to hybridize 
m «» IS f 1 5r ThlS ,f erVes two P ur P°s« : (1 ) to equalize rare and abundant m lec J« and 
(2} to ennch f r differentia 11 v expressed seauences— cDNA. tk*t „«. j» • ' ecu,es « ana 
form type c molecules wiA the driver In Jhe k?h ? ot d,ffcre " oa »y "Pressed 

P?£ Th C e £5 " ", C ^ h f ridiMti n which •» subsequently ampSd usmg^ of 
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Control animals 



I 



Treated animals 



Extract mRNA from 
tissue of interest 
e^. liver 



I 



I 



Extract mRNA from 
tissue of interest 
e.g. Dver 



Dnase-treatment 



I 



Dnase-treatment 



Convert to cONA 



Complex probe tor 
screening clones 



T 



Convert to cONA 



Hybridization, subtraction and amplification 
hControl driving tester for up-regulated genes 
Tester driving control for down-regulated genes 



Complex probe 
for screening 
clones 



Run out products on agarose gel 



Extract individual bands and clone in 
T7A vector 



Screen using standard 
and HA agarose 



I 



PCR of 5-10 clone 

cultures per 
extracted band 



Different clones blotted 
and screened with up- 
regulated genes 



Screen using standard 
and HA agarose 



Plasmid mini-preps 
of selected clones 



Differentially expressed 
clones selected 



Sequencing and 
identification 



I 



Different clones blotted 
and screened with down- 
regulated genes 



TW i^^^£^ mCth0d " Scd in this lab0 ™°'>- to isolate and identify clones of genes 

f expressed genes which are unique to each compound and time/dose point. Such 
information could be useful in short-term characterization of the toxic potential of 
new compounds by comparing the gene-expression profiles they elicit with those 
produced by known inducers. Figure 6 shows a flow diagram of the method used to 
isolate, verify and clone differentially expressed genes, and figure 7 shows expression 
profiles obtained from a typical SSH experiment. Subsequent sub-cloning of the 
individual bands, sequencing and gene data base interrogation reveals many genes 
which are either up- or down-regulated by phenobarbital in the rat (tables 2 and 3) 
One of the advantages in using the SSH approach is that no prior knowledge is 
required f which specific genes are up/down-regulated subsequent to xenobiotic 
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Figure 7. SSH display patterns obtained from rat liver followi™ i . 

phenobarbital. mRNA extracted from ™? IS J, 8 3 ; d ^ treamMt "«h WY-14,643 or 
differential displays using tnT PcSlec ?S*A ^ ^ W " USed » «««« *e 
^^^uV^uiifi,^^^^ 1 ^ k " (Clontech). Lane: 1-lkb 
Wy.14-643 treatment; 4-genes u^? e llatl7 fell™ i 3 ~8<n« Unregulated following 
downregulated following |*S«S5^J?SS1 P^arbital treatment; 5-genes 
«/. (1 997), with permission^ ""tment. 6-lkb ladder. Reproduced from Rockett et 

exposure, and an almost complete complement of genes are obtain it 

the peroxisome proliferator and non-g'notoxic hepToc ^ S wy SST* 

X^^^JT^T 1 ^ i least 15 » ^ * • ^ 

resistant specif Rocket S wa es EsdaTd" C^b * ^ " 8 
One of these eenes cnS* i un P ublish «l observations), 

une oi these genes, CD81, was up-regulated in the rat and down-reeuWd ir, a. 

gumea pi g following Wy-14,643 treatment. CD81 (alternatively named t£ * 1 

a w.dely expressed cell surface protein which 1S involved in a large Tmler rfc^l a 

i~ Sine" aCtiVatl0n » Proliferat '° n ^-S^ 

in a resistant and susceotible sneeiM H«,.,-„- 7u j umcrenuajiy regulated 

the latter are predommantly expressed sequence tags or 8 enes of comnW.w 
unknown function, thus partially obscuring^ realistic overaj asseLmem of X 

essen^y provides a '^ec^ t^^^^ 

££. -r" 8 " S ' P»tform for further'^ 



investigations. 

Differ ntial Display (DD) 



rardee tha method ,s now more commonly referred to as ' differential 
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Table 2. Genet unregulated in rat liver following 3-dty exposure to phenobarbittl. 



Band number 
(approximate 
size in bp) 



Highest sequence 
similarity 



FASTA-EMBL gene identification 



5 (1300) 

7 (1000) 

8 (950) 
10(850) 

11 (800) 

12 (750) 
15 (600) 
16(55) 
21 (350) 



93.5% 
95.1% 

98.3% 
95.7% 
Clone 1 94.9% 
Clone 2 75.3% 
93.8% 

92.9% 

Clone 1 95.2% 
Clone 2 93.6% 
99.3% 



CYP2B1 

Preproalbumin 

Serum albumin mRNA 

NCI-CGAP-Prl H. sapiens (EST) 

CYP2B1 

CYP2B1 

CYP2B2 

TRPM-2 mRNA 

Sulfated glycoprotein 

Preproalbumin 

Serum albumin mRNA 

CYP2B1 

Haptoglobulin mRNA partial alpha 
18S, 5.8S & 28S rRNa 



Bands 1-4, 6, 9.13, 14 and 17-20 are shown to be false positives by dot blot anaylsis and, therefore 
are not sequenced. Denved from Rockett et al. (1997). It should be noted that the above gerTdTnot 
represent the complete spectrum of genes which are up-regulated in rat liver by phenobarbetal but 
simply represents the genes sequenced and identified to date. cnoparoiai, Dut 



Table 3. Genes down-regulated in rat liver following 3-day exposure to phenobarbital. 



Band number 
(approximate 
size in bp) 



Highest sequence 
similarity 



FASTA-EMBL gene identification 



1 (1500) 

2 (1200) 

3 (1000) 
7(700) 



8 (650) 
9(600) 

10 (550) 

11 (525) 

12 (375) 

13 (23) 



14 (170) 

15 (140) 
Others: (300) 

(275) 



Clone 1 
Clone 2 
Clone 3 
Clone 1 
Clone 2 
Clone 1 
Clone 2 



Clone 1 
Clone 2 
Clone 3 



95.3% 
92.3% 
91.7% 
77.2% 
94.5% 
91.0% 
86.9% 
96.2% 
86.9% 
82.0% 
73.8% 
95.7% 
100.0% 
97.2% 
100.0% 
100.0% 
96.0% 
97.3% 
96.7% 
93.1% 



3-oxoacyl-CoA thiolase 
Hemopoxin mRNA 
Alpha-2u-globulin mRNA 
M. musculus CI inhibitor 
Electron transfer flavoprotein 
M. musculus Topoisomerase 1 (Topo 1) 
Soares 2NbMT M. musculus (EST) 
Alpha-2u-globulin (s-type) mRNA 
Soares mouse NML M. musculus (EST) 
Soares p3NMF 19.5 M. musculus (EST) 
Soares mouse NML M. musculus (EST) 
NCI-CGAP-Prl H. sapiens (EST) 
Ribosomal protein 

Soares mouse embryo NbME135 (EST) 
Fibrinogen B-beta-chain 
Apolipoprotein E gene 
Soares p3NMFl9.5 M. musculus (EST) 
Stratagene mouse testis (EST) 
R. norvegiats RASP 1 mRNA 
Soares mouse mammary gland (EST) 



EST = Expressed sequence tag. Bands 4-6 were shown to be false positives by dot blot analvsis and 

^ 0re ' Were ^" qUe r d - DeriVCd fr ° m Rock «™*<- (""). hshould be note Sat th ^above B «es 
do not represent the complete spectrum of genes which are down-regulated in rat liver by phen barbiS 
but simiply represents the genes sequenced and identified to date. P t>arD,ta1 ' 



display (DD). In this method, all the mRNA species in the control and treated cell 
ESmSS? JJ ampl j fied m se P arate "actions using reverse transcriptase-PCR 
(RT-PCR) The products are then run side-by-side on sequencing gels. Those 
bands which are present in one display only, or which are much more intense in one 
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dispky compared to the other, are differentially expressed and may be rec vered for 
forther d,aractenzat,on. One advantage of this system isthespe ed with whSh« 
be earned out-2 days to obtain a display and as little as a weeE to mrie aTdtfe^y 

Two commonly used variations are based on different methods of priming the 

nr3~rr57d^^-" to use / n D ougo dT with a 2 - b - 

at the 3 -end, e.g. 5 (dT n )CA 3 (Liang and Pardee 1992). Alternatively an 
arbitrary pnmer may be used for 1st strand cDNA synthesis Welsh* ^ 1992? 

P^eT^CR C T V nge ™ ^ alS ° bCen C3,S ™-MA j£££ 
Pnmed)-PCR. One advantage of this second approach is that PCR products may be 
derived from anywhere in the RNA, including open reading frames In ^ n ! 

(Wong and McClelland 1994). In both cases, following reverse t ra „^i rt J 
denaturation, second strand cDNA synthesis is carried ™^„^5E^ 
(arburary primers have a single base at each position, as co^red7 raZZ 
pnmers, which contain a mixture of all four bases at each position) The resTw 
PCR thus produces a series of products which, depending on the sytten, "rter 
length and composition polymerase and gel system), usually indud« 5W00 
produces per primer set (Band and Sager 1989). When a combLtio* o^erem 
dT-anchors and arbitrary pnmers are used, almost all mRNA species from a cefl c» 
be amplified. When the cDNA productsfrom two different populates a"e an" vse^ 
side by s,de on a polyacrylamide gel, differences in expression can beL"n^nt 
the appropriate bands recovered for cloning and further analysis. 

I r"?? " PC / haPS m ° St POpukr approach used to day for identifying 
differentially expressed genes, it does suffer from several perceived disadvanlagS: 

(1) Sw^^Ti "I 38 t0 : ardS C ° Py nUmbCr mRNAs < Be ™<* et al. 
1 995) although this has been disputed (Wan et al. 1 996) and the isolation of very 

low abundance genes may be achieved in certain circumstances ( gS^ Z 

(2) The cDNAs obtained often only represent the extreme 3' end of the mRNA 
often the 3 -untranslated region), although this may not always be t cast 

(Guimeraes et al^ 1995a). Since the 3'end is often not included in Genbank and 
shows variation between organisms, cDNAs identified by DD cannot aWs be 
matched w.th their genes, even if they have been identified * 

(3) The pattern of differential expression seen on the display often cannot be 

(Tunl^ 199i?T ^ b , 1<>tS ' f3lSe P ° SltiVeS * Up to ^Oo/oTcases 

• , a I 1 mC 8da P tat,0ns have been shown to reduce false positives 
including the use of two reverse transcriptases (Sung and Denma 1997 ' 
comparison of umnduced and induced cells over a time course (Burn et "/. 1 994) 
and comparison of DDPCR-products from two uninduced and two induced 
lines Sompayrac >et al. 1995). The latter authors also reported that the use 0 f 
cytoplasmic RNA rather then total RNA reduces false positives arising from 
nuclear RNA that is not transported to the cytoplasm. 

Further details of the background, strengths and weaknesses of the DD 
technique can be obtained from a review by McClelland et al. (1996) and from 
articles by Liang et al. (1995) and Wan et al (1996) 



(dTn)CA: AC 
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1-strandcDNA 1«strandcDNA 



4 AC + 



UGAAAAAAA AAAAAAA 

Denature and synthesise 2 nd strand I 
y with any arbitrary primer ( ) ^ 

2* strand cDNA 2 nd strand cONA 

« AC i * 

J I 



cDNA can now be amplified by PCR using original primer pair 

Figure 8 Two approaches to dtfTcrential display (DD) analysis. 1" strand synthesis can be carried out 
e,*er w,th a polydT,, NN primer (where N = G. C or A) or with an arbitrary primeT ThTuseTf 
different combinations of G, C and A to anchor the first strand polydT primer e^bles the onmini 
o the majonty o polyadenylated mRNAs. Arbitrary primers ^l^a^^EIS 
places along the length of the mRNA, allowing 1« strand cDNA synthesis to occur at none one 
or more point, m the same gene. In both cases, 2- strand synthesis is carried out with an arbi ira£ 
primer. Since these arbitrary primers for the 2- strand may also hybridize to the 1 - strand cDNA 
jn a number of different places, several different 2«< strand products may be obtained from one 
binding point of the 1* strand primer. Following 2»" strand synthesis , the original set of primers 
LpUfied SWmd Pr ° dUCtS ' WiA " SUh *" num «<>« Ue sequXHre 

Restriction endonuclease-facilitated analysis of gene expression 
Serial Analysis of Gene Expression (SAGE) 

A more recent development in the field of differential display is SAGE analysis 
CVelculescu et al. 1995). This method uses a different approach to those discussed so 
far and is based on two principles. Firstly, in more than 95% of cases short 
nucleotide sequences ('tags') of only nine or 10 base pairs provide sufficient 
information to identify their gene of origin. Secondly, concatonation (linking 
together in a series) of these tags allows sequencing of multiple cDNAs within a 
single clone. Figure 9 shows a schematic representation of the SAGE process In this 
pr cedure, double stranded cDNA from the test cells is synthesized with a 
bi tmylated polydT primer. Following digestion with a commonly cutting (4bp 
recognition sequence) restriction enzyme ('anchoring enzyme'), the 3' ends of the 
cDNA population are captured with streptavidin beads. The captured population is 
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spUtintotwoanddifrerentadaptorsligatedtothe5'endsofeachK ud Incomor,^ 
into the adaptors is a recognition sequence for a type IIS reason ™£Z " 
which cuts DNA at a denned distance (< 20 bp) from its recogniti n sTq^ce 
Hence, following digestion of each captured cDNA population with the IIS enzyme' 
the adaptors plus a short piece of the captured cDNA are released. The^o 
populations are then hgated and the products amplified. The amplified products are 
cleaved with the original anchoring enzyme, religated (concatomers are formed L 
the Process) and cloned. The advantage of this system is that hundreds of gene tag" 
can be identified by sequencing only a few clones. Furthermore, the number of times 
a given transcript is identified is a quantitative measurement of that gen^ 
abundance ,n the original population, a feature which facilitates identification of 
differentially expressed genes in different cell populations incauon o: 

Some disadvantages of SAGE analysis include the technical difficulty of the 
method, a large amount of accurate sequencing is required, biased towards abund nt 
mRNAs, has not been validated in the pharmaco/toxicogenomic setting and has 
only been used to examine well known tissue differences to date 



Gene Expression Fingerprinting (GEF) 

A different capture/restriction digest approach for isolating differentially 
TrL^T 8 bCen deSCnbed by Ivanova and B 'ly*vsky (1995) In ihl 

RN , A 15 COnV u erted t0 CDNA USing ******* oligo(dT primers The 
cDNA population is then digested with a specific endonudease and capTr d with 
magnetic streptavidin microbeads to facilitate removal of the unwanted S^sTion 

P n°NA T ^^"Jf Cd 3 '- CndS al ° ne Serves to reduce the complex^ of he 

cDNA fragment pool and helps to ensure that each RNA species is representee by 
not more than one restriction product. An adaptor is ligated to facilitate subs eq lnt 
amplification of the captured population. PGR is carried out with on ^ adaptor 
specific and one biotmylated polydT primer. The reamplified population s 
recaptured and the non-biotinylated strands removed by alkaHne dissoc^on The 
non-biotmylated strand is then resynthesized using a different adap o r sperific 
primer m the presence of a radiolabeled dNTP. The labelled immobilized 3 cDNA 
ends are next sequentially treated with a series of different restriction endonucleases 
and the products from each digestion analysed by PAGE. The result is a fin ge pr " 
composed of a number of ladders (equal to the number of sequential dige^used) 
By comparing test versus control fingerprints, it is possible to identify d» enrially 
expressed products which can then be isolated from the gel and cloned The 
advantages of this procedure are that it is very robust and reproducible and^e 
authors estimate that 80-93 % of cDNA molecules are involved in the final 

SlTS^ d T dVa rr " th3t V**"*™** ^Is can rarely resolve mor 
than 300-400 bands, which compares poorly to the 1000 or more which arl 
estimated to be produced in an average experiment. The use of 2-D gels uch 

Z^£^ r]ind ™ - (1989) and Hatada « <»«> 

A similar method for displaying restriction endonuclease fragments was later 
described by Prashar and Weissman (1996). However, instead of sequent ! 
digestion of the immobolized 3'-terminal cDNA fragments, these authors sTmpTy 

S n 6 ^ ° f COntr ° ] — d without^ 
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-AAAA 



-TTTT* 1- strand cDNA synthesis using 

biotinylatBd poly dT primers 



cDNA cleaved with AE and 
^ captured with streptavivin beads 



GTAC 



GTAC 



Divide in half and ligate linkers 




<*T° AAAA ^ ™ CATC 

OTAC TTTtV \ £22 GTAC 

CATC- 



"AAAA_, . ™ „ 

GTAC 1 1 1 1 1 V / 552 CATG 

GTAC- 




1 Cleave with tagging enzyme (TE) 1 
and produce blunt ends 

GGATGCATGXXJOOOOCXX 

CCTACGTAQOOOOOOOCX EZZI GGATGCATGOOOOOOOOO 
CCTACGTACOOO OOOOOO 

TE AE Tag ~Z 

* TE AE Tag 




| Ligate and amplify 



CCTACGTACWOOOOOCXXOOOOOOOOOGTACGTAGG 



DiTag 

AE AE 



Cleave with AE, isolate diTags, 
concatenate, clone and 
sequence 



Ta»1 Taj2 Tag 3 Tag 4 

the AE and the ditags S^^KS^^ir^^i* 1 pr ducw « 
which proce... con«teni2adon o cTu«! and do^??„L ^ J'*! 85 "5 *" H * ated < du ™8 
. Velculeacu et al. (1995), with JeS n ' * Ch "* f ' "<> ue "«»8- After 
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DNA arrays 



up- r down-«guI. tt <l in ? ^ en cm&m *•« *«X indeed 

the aforementioned steps produce a bottWH, ^ a ? • 80 ' ttch of 

of gene expression. These problems wSSS he Id? ° frapid 
so-called DNA arrays (e.g Gress ™ J/ oo 7^ the develo P*ent of 

the introduction of SL'hi s'na lid Z *?~ 1996 >> 

analysis. DNA arrays consist of a eriddL t dlfferent,al ««• expression 
hundreds or thousands of DNA spote etch ? ™ °/ ^ ' Chips ' contai ™* 
aknown gene. The genes are^n Sc ed h ^ ° f muhi P le cop» of part of 
in oncogenesis, cell cyd£ DIM reti H , ^ PrCV, ° USly pr0Ven ™olvement 
TheyareusuallychoLTo'beafsp 

Human and mouse arrays are alreadv ^ pOSS,ble , foreach g ene «d animal species, 
will construct a personated ?J^^T^ 7^' * COmpani « 
Research Genetics Inc. The "*? P f ^ Labor "ories and 

of genes can be spotted on a Z£ ? rapid in ' hat hundreds or "en thousands 
populations can b'e labeL' ^J^r^ ** ~ 

appropriate hardware and software arravVni ? l When anal y sed 
assess differences in gene exp «sion Sen^cT ^ ? U8mitative mCanS » 
can only be identification and quango o t of ^ Tu ° fC0UrSe,there 
(hence the term 'closed' ^LTTh^t^ ^ WhlCh are » the 
molecular mechanisms involved ma pit utdis^e^T* t0 the 
to combine an open and d^td ^^nJ^T ^^^^^^y^ 
quantitate the expression ofTnown" "7s fc^TL? ^ ^ 
system such as SSH to isolate unknot u ? po P ulatlon s, and an open 

One of the main advances JET \ t ^ '^"^ ^"ssed. 

which can be put on a membrane-so 'I 7 6 hu u genumberof 6«e fragments 
60000 spots on a single ^7^ ? COmpan, « hav « "P°"ed gridding up to 

based mLo-arrays S^wtL^^K, '"^ ^ hi8h densi * ch V 
items in the near future ^^l^^r^l" mass -P^ced off-the-shelf 
differential expression in tTm an leal " pid d ««™*ion of 

high cost and the technkal ^comptide, TTT CXpCriments - As *e from their 
arrays, the main problem wh^h reml - n Pr ° dUCing 8nd probin * DN * 

(gene-chip) wJL^J^r!!^ X * 7n m ™ a ' 
arrays. However, this problem i bein ,111 , °l ^ re P roduc *l' between 
next few years. mg addressed ™* should be resolved within the 



cDNA libraries' Even Th'ough los YsT^ "'""V ° f ° btained from 

identification is the best to be hied for) thL hJ "° idemity < putative 

means of discovering new 8 „ s a d ' S^ 6 " l ° be 8 r3pid and eflicient 

expression mspecmc ceTs^n ce t h / UMd to gCneme P rofil « °' gene- 

there has been aVu^ exptsfon in E by Adams « * d 

now well over a milfio^^ 3 " d " is esti ™^ that there are 

sequences m the public domain, representing over half 
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of all hum™ genes (Hillier « ol. 1996). This large number of freely .vaikhl, 
sequences (both sequence information and clones .r«„orm,uy.v,Lbfcr.y.^fr« 
from the o„ g m.„r.) ha, enabled the development of a new appr ach 5«Z 
drfferenm] gene expression analysis as described by Vaamatzi, eZ (,998) T^e 
approach smplem theory: EST databases , r . firs, searched for genj *„„.«, 
number of related EST sequences from the target tissue of choie. \T t 
fro* inon-target tissue Kbraries. Programmes Jass^in* s^bly „7s U ch ^oT 
ov.rl.ppmg data may be developed in-house or obtained priv.X or fr 0 m A e 
jntern... For example, the Institute for Genomic Research (TIGR found a! 
http://Ww.tigr.org) provides many software tools free of rZJL . \! , 
community. Induded amongst these^ the ^^^t^^^ml 
tool for the assembly of large sets of overlapping data such a«FQT k . " 

problems in this fledgling approach ™* • . desc "bed several 

sequences ^J^AS^J^ ol^^^Zl 

of the EST database h" 1'^*,, I mCrM " d <*™H*>«»» 

expressed genes may^y n^pa^ge 



Problem. «nd potential of differential expression technique. 
The holistic or single cell approach > 

For example, a liver ^u ?\^ ! , ^ e " nv ^ mm yfr™'P**««>- 
lymphocytes, m^^T^^f^^'- Vanous «»* ft* 

gen«<s> SEX" Pr ^l ;«s h t acu.X i~jH £ 
addressed.ttheN.tiona. Cancer Institute (ttD^Ci,""^ 
"tWAww .icbi.nlm.nih.gov/nc ^ 

niques avauabi. tha, ^Jci^'^ a^t^LT^ £ 
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A 1998) «.d magnetic bead „ cnriologv (Rich „ d „ m f * £ D«Ien e« 

However, those talcing . holistic approach mav consider Ai. ;„ • ' 8) ' 
Th, re is.»« q u. U v. P p r „pri, tt vieX^ 

.u • r w external stimuli or neoplastic erowth It i* n »i-h.~. 

then more informative to carrv out differ*«tioi ^ • i • K owin - 11 1S perhaps 

opposed to * t*ro models. ^C^ZtX^ZZ^ ZZu 
recent . p.™,, s^wed or even inaccurate picture of th. J^*!! 

polymorphism, which " ^T^^Cmut"7r' 

should, therefore, be gl e" » .he^oecinfoh mi . Kliu f' ™»°™<*- ireful thought 
value of pooling starting material "^ssue/niRN A) ^ he^effe^^ f° ^ OSS '^ e 
beneficial through the ironinc om of , va „ j ^ eCt of thls can be 

fluctuations of (m^n^Z) 1^"^ 3nd ™-P°"ant minor 



S^xcz;z:."'~-' — *« 

(which, importantly, .Zl^i^^^? J*™"*'- T' «" 
using differential display systems ThiHi a T, I ' n0t " $ ' ly 

m RNA popu,^f 0 — Z^i^^^^Z 
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species present at less than 1.2 % of the total mRNA population-equivalent to an 
intermediate or abundant spec.es. Interestingly, when simple model systems (single 
target only) were used instead of a heterogeneous mRNA population, the same 
primers could detect levels of target mRNA down to 10000X smaller. These results 
are probably best explained by competition for substrates from the many PCR 
products produced in a DD reaction. 

The numbers of differentially expressed mRNAs reported in the literature using 
various model systems provides further evidence that many differentiallv expressed 
mRNAs are not recovered. For example, DeRisi et al. (1997) used DNA arrav 
technology to examine gene expression in yeast following exhaustion of sugar in the 

SSTwd" In lit If" T% th ? 1700 gCneS Sh ° Wed 8 Chan * e » session of at 
Tl ™™ \ S I ^ ° f SUCh 3 find,ng ' " would not be treasonable to suggest that 

uot K !; f re r T s r ies produced by ^ «s 

WhL Z mav Z y " I 16 ' eXPreSSi ° n f ° ll0Win8 Chemical stimulation. 
Whilst this may be an extreme figure, it is known that at least 100 genes are 

• 3 w " JUr l: at (T - } CCllS f0ll ° wing IL " 2 ^ulation (Oilman et al. 
1990) In addition, Wan et al. (1996) estimated that interferon- r-stimulated HeLa 

e'xnresstdTtheLn^H ^ * u 3 ^ (3SSUming 24000 distin « mRNAs 
expressed by the cells). However, there have been few publications documenting 

anywhere near the recovery of these numbers. For example, in using DD to compare 

normal and regenerating mouse liver, Bauer et al. (1993) found only 70 of 38000 

toul bands to be different. Of these, 50% (35 genes) were .hcwnt^^™ 

differentially expressed bands. Chen et al. (1996) reported 10 genes upreguhted in 

r Tii mg etWnyl CStradi01 treatment - McKenzie and Drake (1997) 
identified 14 different gene products whose expression was altered by phorbo 
mynstate acetate (PMA, a tumour promoter agent) stimulation of a human 
myelomonocytic cell hne. Kilty and Vickers (1997) identified 10 different gene 
products whose expression was upregulated in the peripheral blood leukocytes of 
allergic disease sufferers. Linskens et al. (1995) found 23 genes differentially 
expressed between young and senescent fibroblasts. Techniques other than DD 
have also provided an apparent paucity of differentially expressed genes Usins SH 
for example, Cao et al. (1997) found 15 genes differentially expressed "n colored 
cancer compared to normal mucosal epithelium. Fitzpatrick et al. (1995) isolated 17 
genes upregulated in rat liver following treatment with the peroxisome proliferator 
clofibrate; Philips et al. (1990) isolated 12 cDNA clones which were upregulatedTn 
highly metastatic mammary adenocarcinoma cell lines compared to poorly meta- 
stauc ones. Prashar and Weissman (1996) used 3' restncti on 'fragment' nalys.Tnd 
identified approximately 40 genes showing altered express.on within 4 h of 
activation of Jurkat T-cells. Groenink and Leegwater (1996) analysed 27 gene 
fragments isolated using SSH of delayed early response phase of hver regenerat on 
and found only 12 to be upregulated. 

tn thc . 1 t ab0 7 t0ry ' SSH was use d to isolate up to 70 candidate genes which appear 
to show altered expression in guinea pig liver following short-term treatment with 
the Peroxisome proliferator, WY-14,643 (Rockett, Swales, Esdaile and Gibson 
unpublished observations). However, these findings have still to be confirmed by' 
ana^sis of the extracted tissue mRNA for differential expression of these sequences 
Whilst the latest deferential display technologies are purported to include design 
and experimental modifications to overcome this lack of efficiency (in both the total 
number of differentially expressed genes recovered and the percentage that are tru 
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p shaves), it is still not clear if such adaptations are practically effective— pr ving 
efficiency by spiking with a known amount of limited numbers f artificial 
constructs) is one thing, but isolating a high percentage of the rare messages already 
present in an mRNA population is another. Of course, some models will genuinely 
produce only a small number of differentially expressed genes. In addition, there are 
also technical problems that can reduce efficiency. For example, mRNAs may have 
an unusual primary structure that effectively prevents their amplification by PCR- 
based systems. In addition, it is known that under certain circumstances not all 
mRNAs have 3'polyA sites. For example, during Xenopus development, deadenyl- 
ation is used as a means to stabilize RNAs (Voeltz and Steitz 1998), whilst 
preferential deadenylation may play a role in regulating Hsp70 (and perhaps, 
therefore, other stress protein) expression in Drosophila (Dellavalle et al 1994) The 
presence of deadenylated mRNAs would clearly reduce the efficiency of systems 
utilizing a polydT reverse transcription step. The efficiency of any system also 
depends on the quality of the starting material. All differential display techniques 
use mRNA as their target material. However, it is difficult to isolate mRNA that is 
completely free of ribosomal RNA. Even if polydT primers are used to prime first 
strand cDNA synthesis, ribosomal RNA is often transcribed to some degree 
(Clontech PCR-Select cDNA Subtraction kit user manual). It has been shown at 
least m the case of SSH, that a high rRNA:mRNA ratio can lead to inefficient 
subtractive hybridization (Clontech PCR-Select cDNA Subtraction kit user 
manual), and there is no reason to suppose that it will not do likewise in other SH 
approaches. Finally, those techniques that utilise a presubtraction amplification step 
(e.g. RDA) may present a skewed representation since some sequences amplify 
better than others. 

Of course, probably the most important consideration is the temporal factor. It 
is clear that any given differential display experiment can only interrogate a cell at 
one point m time. It may well be that a high percentage of the genes showing altered 
expression at that time are obtained. However, given that disease processes and 
responses to environmental stimuli involve dynamic cascades of signalling 
regulation, production and action, it is clear that all those genes which are switched 
on /off at different times will not be recovered and, therefore, vital information may 
well be missed. It is, therefore, imperative to obtain as much information about the 
model system beforehand as possible, from which a strategy can be derived for 
targeting specific time points or events that are of particular interest to the 
investigator. One way of getting round this problem of single time point analysis is 
to conduct the experiment over a suitable time course which, of course, adds 
substantially to the amount of work involved. 



How sensitive are differential expression technologies? 

There has been little published data that addresses the issue of how large the 
change in expression must be for it to permit isolation of the gene in question with 
the various differentia] expression technologies. Although the isolation of genes 
whose expression is changed as little as 1.5-fold has been reported using SSH 
(Groenink and Leegwater 1996), it appears that those demonstrating a change in 
excess of 5-fold are more likely to be picked up. Thus, there is a 'grey zone' 
in between where small changes could fade in and out of isolation between 
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expenmcnts and animals. DD, on the other hand, is not subject to this grev 
zone since, unlike SH approaches, it d es not amplify the difference in Jp eS 
between two samples Wan et al. (1996) reported that differences at expTe's o„Tf 
tw f Id r more are detectable using DD. "prcssion 01 



Resolution and visualization of deferential expression products 

It seems highly improbable with current technology that a gel system could h* 
developed that is able to resolve all gene species showing altered ^ Lp m anv 

given test system (be it SH- or DD-based). Polyacryfamide 
(PAGE) can resolve size deferences down to 0.2% (Sambrook et al. 1989) and are 
used as standard in DD experiments. Even so, it is clear that a complex series of gene 
products such as those seen in a DD will contain unresclvable components 
what appears to be one band in a gel may in fact turn out to be several Indeed Tt has' 
been well documented (Mathieu-Daude et al. 1996, Smith et al. 1997) that a'sfagle 
band extracted from a DD often represents a composite of heterogeneous product 
and he same has been found for SSH displays in this laboratory (Rockett et ai 
1997). One possible sohmon was offered by Mathieu-Daude et al (1996) who 
extracted and reamplified candidate bands from a DD display and used s jgk st»nd 
conformation polymorphism (SSCP) analysis to confirm which comLnen^ 
represented the truly differentially expressed product components 
Many scientists often try to avoid the use of PAGE where possible because it is 
technically more demanding than agarose gel electrophoresis (AGE). UnfoZat ly 
high resolution agarose gels such as Metaphor (FMC, Lichfield, UK) and Tq„.P* 
HR (National Diagnostics, Hessle, UK), whilst easier to prepare and manipuia« 

TlM n flZ ° n,y SCP r ate ?* A SCqUenCeS Whkh «"« " «ze by round 
1.5-2% (15-20 base pairs for a 1Kb fragment). Thus, SSH, RDA or other such 

products which differ in size by less than this amount are normally not resolvlwe 
However a simple technique does in fact exist for increasing the reLving power of 
il ? iS? ? HA_red t 10 ^? 1 ^utral red-PEG ligand) or H^-yellow 
(bisbenzamide-PEG ligand) (Hanse Analytik GmbH, Bremen, Germany) t * 
gel separates identical or closely sized products on base content. Specific «y 

(Wawer et al. 1995, Hanse Analytik 1997, personal communication). Since both 
HA-stams possess an overall positive charge, they migrate towards ^ th cathode 
when an electric field is applied. This is in direct opposite to DN A which 
is negaijvely charged and, therefore, migrates towards the anode. Thus two 
Cl0n « ™ in (as perceived on a standard high re o lut^n 

agarose gel) but differ in AT/GC content, inclus.on of a HA-dye ,n the ge" 

l r y | r T migra,i0n ° f ° nC ° f th£ S ^ uences compared to the 
oincr, cnecxivejy making it apparently larger and, thus, Providing a mesne rtf 

differential between the two. The use of HA-red has been shown to resolve 

sequences w.th an AT variation f less than 1 % (Wawer et al. 1 995), whilst Hani 

An.ly.ik have reported that HA staining is so sensitive that in one c se it w„ u. e d 

SSSJT?^ scq T es which differed by oniy a ^ ^ ^ 

wherer aU the TL^T T,™™' 1 ™ 1 Th «efore, if one wishes to check 
^olrL^lV V 6 {T ° m 8 SpCCific band in a differential display 

Tr diJ^A , I S3me gCne Species « 3 sma » amount oi reamplified 

or d,gested clone can be run on a standard high resolution gel, and a second aHquot 
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Figure 10. Discrimination of clones of identical/nearly identical size using HA-red BanH* „tA 

sat (1-5) were extracted from the final rfi*r.i a « . " eusmg . "^-red. Bands of decreasing 
experiment and cloned. LT^*^J%^** J"^™* hybridization 
inserts amplified using T^^h^S^^^^Z 5? eto »* ■»«» ™ d their 
gel, and (B) a high resolution 2 % a'garos ^ JS^Tuff, H A red' wTh ' *° * S *™ 
the clones from each band appear to be the sameri? aT H«i With lew exceptions, all 
(gel B), which separates idenocallv-si«d DNA LTmint ££ H T' Pre8en " ° f HA " red 
the sequence, clearly indicates £ e presence of X'"" ba " d 0n * c P ere «"ge of GC within 
example, even though all five «.imoSd S™« «?f^T *"* W,thin each band - For 

different gene species are represImS °' ^ 1 3PP " r " b < Mme » ,e "t four 

in a similar gel containing one of the HA-stains. The standard gel should indicate 
any gross size difference., whilst the HA-stained gel should Iep«« otner^l 

SPeC1CS i 0n Stand " d AGE) aCCOrdin ^ t0 their ^se content Geis ng 
et al. (1997) reported successful use of this approach for identifying DD-de^ed 
clones. Figure 10 shows such an experiment earned out i» this laboratory on clones 
obtained from a band extracted from an SSH display 

An alternative approach is to carry out a 2-D analysis of the differential display 
products, n this approach, size-based separation is first carried out in a taX d 

in to a HA gel for resolution based on AT /GC content 

Of course one should always consider the possibility of there being different 
gene species which are the same size and have the same GC/AT content. However 
even these species are not unre.olv.ble given some effort-again, one might use 
75 T 8 denatUnn * * radient electrophoresis (DG GE or temperatu e 
gredtent field electrophoresis (TGGE) approach to resolve the contend Tf a ban" 

"odlf y " CXtraCted b3nd (SU2Uki rt ° L 1991 > or on the reampHfied' 

num^s^pt^ D 0 randGEFT;lalt Pl " ^ 
ofnumbers^eresoliio^ 
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Extraction of differentially expressed bands from a gel can be complex since in 
some cases (e.g. DD, GEF), the results are visualized by autoradiogr^hic mcanT 
such that precise overlay of the developed film on the gel must occur if the core* 
band is to be extracted for further analysis. Clearly, a misjudged extraction Z 
account for many man-hours lost. This problem, and that of the use of radioisotopes 
has been addressed by several groups. For example, Lohmann et al. (1995)' 
demonstrated that silver staining can be used directly to visualize DD bands in 
horizontal PAGs^An et al. (1996) avoided the use of radioisotopes by transferring" 
small amount (20-30o/o) of the DNA from their DD to a nyL membrane "nd 
visualizing the bands using chemiluminescent staining before goin* back xo e«ra« 
the remaining DNA from the gel. Chen and Peck (1996) w«t^££TS 
transferred the entire DD to a nylon membrane. The DNA bands were then 
visualized using a digoxigenin (DIG) system (DIG was attached to the polyd"? 
primers used ,n the differential display procedure). Differentially expressed bands 
were cut from the membrane and the DNA eluted by washing with PCR buffer prior 
to reamphfication. " prior 

One of the advantages of using techniques such as SSH and RDA isthatthefinal 
display can be run on an agarose gel and the bands visualized with simple ethidium 

hT T*™»T S - T hllSt tHiS apPr03Ch Can P rovide acceptable results, overs^hZ 
with SYBR Green I or SYBR Gold nucleic acid stains (FMC) dTeeti^S 
the intensity and sharpness of the bands. This greatly aids in their precise 
and often revea s some faint products that may otherwise be overlooked Wh 1st 
differential displays stained with SYBR Green I are better visualized using short 
wave ength UV (254 nm) rather than medium wavelength (306 nm) the shor^ 
wavelength is much more DNA damaging. In practice, it takes only V w second 
to damage DNA extracted under 254 nm irradiation, effectively preventing 
reamplification and cloning. The best approach is to overstain with SYBR Green I 
and extract bands under a medium wavelength UV transillumination 



The possible use of 'microfingerprinting' to reduce complexity 

Given the sheer number of gene products and the possible complexity of each 
band, an alternative approach to rapid characterization may be to use an Enhanced 
analysis of a small section of a differential dis P lay-a 'sub-fingerprint' or « mTo- 
fingerprint In this case, one could concentrate on those bands which only Tpplar 
m a particular chosen size region. Reducing the fingerprint in this way has at Teas 
two advantages. One is that it should be possible to use different gel ype 
concentrations and run times tailored exactly to that region. Currently one rnieht' 
runproductsfrom 100-3000 + bp on the same gel, which'leads to comp l^ZZ tl 
gel system being used and consequently to suboptimal resolution, both in terms of 

banVs S J"' T le3d t0 Pr0bkmS in thC aCCU " te exc -°» of individual 
bands. Secondly, ,t may be possible to enhance resolution by using a 2-D analysis 
using a HA-stain, as described earlier. In summary, if a range of gene product S iz« 

and appropriate gene analyse used, it may be possible to develop a method for th 
early and rapid identification of compounds which have similar or widely differen 
cellular effects If the prognosis for exposure to one or more other chemicah TwhTch 
display a similar profile is already known, then one could perhaps p«dto i£ 
effects for any new compounds which show a similar micro-fingerprint 
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An alternative approach to microfingerprinting is to examine altered expression 
in specific families of genes through careful selection of PCR primers and/ r oost- 
reaction analysis. Stress genes, growth factors and/ r their receptors, cell cyclin* 
genes, cytochromes P450 and regulatory proteins might be considered as candidates 
for anatysis in this way. Indeed, some off-the-shelf DNA arrays (e.g. Clontech's 
Atlas cDNA Expression Array series) already anticipated this to some degree by 
grouping together genes involved in different responses e.g. apoptosis, stress, DNA- 
damage response etc. 



Screening 

False positives 

??fT ° f fake P ° sitiveS has been discussed " length amongst the 
?f o P 7 communit y ( Lia »g 1 993 , 1 995 , Nishio et al. 1 994 Sun et al 
994, Sompayrac etaL 1995). The reason for false positives varies' with the 
technique being used. For instance, in RDA, the use of adaptors which have not 
been HPLC purified can lead to the production of false positives through illegitimate 
hgation events (O'Neill and Sinclair 1997), whilst inDD they canfri«Tou gh 
PCR artifact and . legitemate transcription of rRNA. In SH, false positives appear 

t0 ™ a FIka ' y fr °T. a u bU J ndant gene s P ecies > althou 8h some may arise from 
cDNA/mRNA species which do not undergo hybridization for technical reasons 

A quick screenmg of putative differentially expressed clones can be carried out 
using a simple dot blot approach, in which labelled first strand probes synthesized 
{T ,™T te Z ^ dnVCr mRNA arC h y°"*zed to an array of said clones (Hed S/i 

tt 8 ' IT* h OL "i?" D *«™*»y «P-sed clones wThytid ze to 
tester probe, but not driver. The disadvantage of this approach is that rare species 
may not generate detectable hybridization signals. One option for those usingTsH 
is to screen the clones using a labelled probe generated from the subtracted cDNA 
from which it was derived, and with a probe made from the reverse subtraction 
reaction (ClonTechniques 1997a). Since the SSH method enriches rare sequences 
it should be possible to confirm the presence of clones representing low abundance 
genes. Despite this quick screening step, there is still the need to go back to the 
original mRNA and confirm the altered expression usmg a more quantitative 
approach. Although this may be achieved using Northern blots, the sensitivity is 
poor by today s high standards and one must rely on PCR methods for accurate and 
sensitive determinations (see below). 



S quence analysis 

The majority of differential display procedures produce final products which are 
berween 100 and lOOObp in size. However, this may considerably reduce the size 0 
the sequence for analysis of the DNA databases. This in turn leads to a reduced 
confidence in the result-several families of genes have members whose DNA 
sequences are almost identical except in a few key stretches, e.g. the cytochrome 
P450 gene superfamily (Nelson et al. 1 996). Thus, does the clone identified as being 
almost idenncal to gene X c really come from that gene, or its brother gene X, or L 
as yet undiscovered sister X 2 ? For example, using SSH, part of a gene was isolated 
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b Slsrl ^SS^Z hver of rats exposed to Wy-14,643 and was identified 
by a FASTA search as being transferrm (data not shown). However, transferrin is 
known to be downregulated by hypolipidemic peroxisome proliferators such as Wy 
14,643 (Hem et al. 1996), and this was confirmed with subsequent RT^PCR 
analysis. This suggests that the gene sequence isolated may belong to a eene which 
is closely related to transferrin, but is regulated by a different mechanism 

A further problem associated with SH technology is redundancy. In most cases 
before SH is earned out, the cDNA population must first be simplified bv restriction 
digestion. This is important for at least two reasons : 

(1) To reduce complexity-long cDNA fragments may form complex networks 
which prevent the formation of appropriate hybrids, especially at the high 
concentrations required for efficient hybridization 

(2) Cutting tlie cDNAs into small fragments provides better representation of 
individual genes Th.s „ because genes derived from related but distinct 
members of gene families often have similar coding sequences that may cross- 
hybndize and be eliminated during the subtraction procedure (Ko 1990) 
Furthermore different fragments from the same cDNA may differ considerably 
m terms of hybridization and amplification and, thus, may not efficiently do one 

e^tesse^cDNA 8 r ' ^ m * fr0m ^Ltially 

expressed cDNAs may be ehmmated during subtractive hybridization pro- 
cedures. However, other fragments may be enriched and isolated As a 
consequence of this, some genes will be cut one or more times, giving rise to two 
or more fragments of drfferent sizes. If those same genes are differentially 
expressed, then two or more of the different size fragments may come through 
as separate bands on the final differential display, increasing the observed 
redundancy and increasing the number of redundant sequencing reactions. 
Sequence comparisons also throw up another important point-at what degree 
of sequence similarity does one accept a result. Is 90% idemitiy between a gene 
derived from your model species and another acceptably close? Is 95% between 
your sequence and one from the same species also acceptable? This problem is 
particularly relevant when the forward and reverse sequence comparisons give 
similar sequences w,th completely different gene species! An arbitrary decision 
seems to be to allocate genes that are definite (95% and above similarity) and then 
group those between 60 and 95 % as being related or possible homologies 



Quantitative analysis 

At some point, one must give consideration to the quanmative analysis of the 
candidate genes, enher as a means of confirming that thev are trulv differentially 
expressed, or ,n order to establish just what the differences are. Northern blot 
analysis ,s a popular approach as it is relatively easy and quick to perform. However 
the major drawback with Northern blots is that they are often not sensitive enough 
to detect rare sequences. Since the majority of messages expressed in a cell are of low 
abundance (see table 1), this is a major problem. Consequently, RT-PCR may be the 
method of choice for confirming differential expression. Although the procedure is 
somewhat more complex than Northern analysis, requiring synthesis of primers and 

M«,rr t,o r ; c ^ on c ° nditi ° ns f ° r * i S n0 w pos^ to .« UP 

h,gh throughput PCR systems using mulitchannel pipettes, 96 +-well plates and 
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use of semi-quantitative analysis is s£ „ ! Ven 1 hundreds °' g«e species. The 
must first of aU choose an in£n ZtlktZt t °~ 
compared to the controls. Numerous S« tn~ ? ™l » the test 

example interferon-gamma (IFN-, FrveTJ 1 T ^ tried in the P a ". for 
glyceraldehyde-3-phosphate dO^^i^^ < He -al « 1994), 
hydrofolate reductase (DHHl, MoU^bKmi I?* " * 1994 >' di ' 
m, Murphy et al. 1990), hypoxanthm- „i ? •? 91) ' ^-microglobulin ffl.2 
* 1998) and a numb o7oth er ^ ^^i^ 1 '""^ (MT^« 
standard should not change ^ « inte n 

stage in the cell cycle or through the effect "Y^ regardIess of cell age 
shown on numerous occ*J5££^^^ However, it has been 
used by the research community do in f ac Tch a ™ ^"^P^ ?enes currently 
different tissues (Clon Techniques 1 997 It if ' cond "ions and in 

liminary experiments be carried out on a L n l I ^TT therefore ' that P«- 
their suitability for use in the model ZteT ' h ° US ^^ genes to establish 

Interpretation of quantitative data must also K 
comparing the lists of genes identified b Zelenti^ ^ C3Ution - * 

^^tonnvhytvoW^t,^™™?? CXpression one can perhaps 
For example, rats and mice appear L lve t o 1* **** t0 -"ernal stimuli. 

^^P^^pr^^^ whu ^T^^ "on-genotoxic effects of a wide 
resistant (Orton et al. 1984, Rodricks an H T aad gUinea P* s «e largely 

Makowska^ fl /.1992) A siiiinlifi ^ Turnbull 1987, Lake et a/ 1989 ifof 

compare lists of up- Jido^LS^* '° ^ '™ ^ 

expressed in only one species «dA^u i ° Tder t0 identif y which are 
T^^^^^^^S^^ knowledge of the effects" 
or protects. Of course, the situation I ^^^ W ^ CWdno ^» 
there were one key gene protecting guinea nic f m ° rC COm P lex - P «haps if 

upregulated SO times byPPs, the'same genTm^ "TV" 0 "* ^ and » 
in the rat. However, since both were not! T* nly u P-"i"l«ed "ve times 
gene may be overlooked. jJ^^^^^^ the im PO"ance ofThe 
^^^^mtMnu^uJ^^^^"' 3 hrge chan S e » expression 
true re] evance of gene Y which shows 5 0 F ° r exam P le . what is the 

and gene Z which shows only . 5 -fl S^L^T * ~ nt . 
»».y nnd that historically, gene Y has often b ee „ I "T'"" the litera *" one 
fold by a number of unrelated stimuli- in f J" ? be 40-60- 

appear less significant. However ^e li era J 1 * 5 °- fo,d increa " ^ould 

recorded as having more than doub £Z^£?™*?'™ Z ^^^ 
increase all the more exciting. Perhaps even Z """"^^ makeS * our ^ 
increase has only been seen ir f rela ed neop asm 2 TT^ " if that Same 
chemicals. CQ neo P'«ms or followmg treatment with related 

Probl ms in using th differ n ii 9 u- , 
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techniques have common and /or un c U tch^cir 7" *" d * m ** ^ 
isolation and identification of ill S^^S^l the 
Furthermore, there are important ge «fc Zlt ^ Changes » «*"**». 
which differentia] expression ««W^te I ^ ,,td , ,0 development 
of th,s is the presence of small deletions iZl ° n ^ * ad<W An « am P^ 
seen in activated oncogenes, ^^^^ tnv ^^^^L 
morphisms. Polymorphic var ations smaM th , *** individual P 0 *- 

regardedas bemg 0 f paramount "mp o2l ttplaln' """H* ^ 

somepeople are less affected by potentLI £ZT ( ' lt>giCal CXtension . **y 
others). The identification of such ^^^^^^^^1 

polymorphisms requires the subsequenranolicTo T ^ "^"^ OCCU ™S 
or TGGE to the gene of interest. F^^^j' SS ™. DGGE 
to address issues such as alternative], *«5 ,Spl3y " n ° l desi *» ed 

abundance of mRNA is a result of faS^^ W wh «*« » »««~d 
stability. increased transcription or increased mRNA 
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they are not limited by extant Aec«e7"r«e? re hf ^ ^ techni * u « » that 
differentially expressed, since th " are !! ,aS rev «W genes which are 
demonstrate altered expression. ThiLeans ^1 " ""'l** genes whi <* 
previously unknown genes which ».y"uT 0 « be ^M v iS ° lati ° n ° f 

state or condition. At least one open system fSAPF? ™ arkers of a Particular 
eliminating the need to return to the origL] mRN A 9 / ° quantitativ '. thus 
analysis to confirm the result. However the r.r ^ ° Ut Northe ™/PCR 

projects means that over the next 5-10 y e ' a „ or * ZTS** ° f , genome ma PP*ng 
will switch from open to closed different '] d <n, ° f ex P erim ^al use 

arrays. Arrays are easier and faster to nrln J P y SyStCms ' P a ™cularly DNA 
suitable for high throughput nalys a'n Tc/nh T' T**' quant "ative data, are 
pathways or families JJL.SZ^^** » l0 ° k " S ^ signalling 
common laboratory animals com ntd with ! ^'TZT"*"**™"*"* 
means that it will soon no longer b^n ece L improved DN * array technology 
genes using the technically ^£%^*^»^™ d *™^**pr^ 
™™«*^(*«<aidL^?^ mt 0pe " syStem a PP roa <*. Thus, their 
likely, therefore, that their sphere o^ ann! ^ ^ * ] " gtly Cradica ^- ^ 
less common laboratory spec's nce fw IH^T ' ^ reduced t0 ana,ysis of*! 
such animals as zebrafish, electric eeT s eerbik I T* ^ * e genom « of 
be sequenced. " ls ' gerb,ls ' c »y fi sh and squid, for example, will 

^2^^^ -main: What is the functional/ 

persistent problem is und^un^^^^ 1 ^^^ ••»-? One' 
cause r consequence of the altered state Fu r ti y CXpreSSed a 

non-gen toxic carcinogens, are also mil*™?'* m, " y chemicals . such as 
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carcinogenic effect Whilst differential display technology canno, k _ 

these questions, it does provide a s*ri*^J.A t ™ cnn0 ;°rc ""j"" « Pe to answer 

and functional studi Jc^T.t un cn e 7un^ s !Th t "£ul«tory 

of those genes and their condition (e.g. mumed). In an abYtraa seTe da £S 

photographs-an possible task. In order to understand £l£J^J^* 
must find out the capabilities and motivation of the .oldie J Tand S H *°™» 
officers, what the orders were and whether they were ob w7d^i comma ndmg 
terrain, the remains of the battle and c^™^^™?™* 
conditions exerted. Likewise if mech«,i Jr. ! Prevailing weather 

scientist must use differed dilSlt^^^-'^ ? * forthcomin S. the 
knockout technology, th^So7cS^.r tCchni « ues . su <* « 

time and dose response ^^^Z^K^ 

importance of differential gen ^pronlin C t s i m ^ em P hasi * ed *« 

the full impact of this *ppZZ ^ & i^^ 00 "?" - » is ° Iation and 
functional genomics and proteose (2 dTrZ , " m /^ b *«i«. w "h 

focusing and subsequent 80^ ^^^ <™ 
electrophoresis). Proteomics is «tt™«in J u 2D -™ps using capillary 

changes resulting in differ ntia ^^^^-^7^ ° f the 

levels, as decribedextensi^^^^ mV ° 1Ve ChSmgeS * mRNA 

protein phosphorylation el!::^^"^ 
proteomic technologies for investigation functional genomics or 

p^^^^rs r in 5 ed t f chno, 7- k udw --^ 

changes that occur in a cell duriw no™ ™ JT T ^ aracteri * m « the S'-etic 
to chemical or Wt<^^^ t ^J^ d 7^«"«'*»'-l«- 
provide a -fingerprinf' of S stale of L " al S " Ch profilin « ^ 

term should help in the elucidation of l^ T'"' • • "J?"""' and in ,he Iw >* 
types of chemicalAiolo^ £ exPosur and di ""S b '° markers f " diff «"« 
therapeutic benefits of ^Sd^STlS |T Th « p °"™"' "-edical and 
measurable. Among,, othe Zh TL ! T ata ° S ' im - 

even specific type of chemlcll an iXt. ,T P T C0U ' d ' nd ' CaM tht '""^ 01 
and/or acutenS of that exts urt tts^ V*'™' * P ' US ,he 

They may also help uncov" d»«re»ct J * *£' ^ t " Udml tr " tment - 
diagnostic tests ^ ^^1"^? ' d '" ,iCal p ™ id ' 
most efficacious treaon^t " tOP ' m a " d - agi " n ' p " ha P s the 

and evolution of differential o!T hg cont,nuin i development 

k no„,edgecon,, ib ^ 
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SUMMARY 

The technique of differential display reverse transcription-polymerase chain reaction (ddRT-PCR) has been used to produce unique 
profiles of up-regulated and down-regulated gene expression in the liver of male Wistar rats following short term exposure to the 
non-genotoxic bepatocarcinogens, phenobarbital and WY-14 f 643. Animals were treated for 3 days, whereupon their livers were 
extracted and snap frozen. mRNA was prepared from the livers and used for ddRT-PCR. Individual bands from the differential 
displays were extracted and cloned. False positives were eliminated by dotblot screening and true positives then sequenced and 
identified. 



INTRODUCTION 

Safety evaluation of. new chemicals usually necessi- 
tates the examination of genotoxic and carcinogenic 
potential using short-term in vitro and in vivo geno 
toxicity assays augmented by chronic bioassay tests. 
The short-term assays have proved useful in the early 
identification of potential genotoxic carcinogens, but 
their value is limited by observations which suggest 
that approximately 60% of chemicals identified as car- 
cinogens in life-exposure studies produce mainly 
negative findings in short-term genotoxicity tests (1,2). 
Thus, there is currently no reliable and rapid means of 
evaluating the carcinogenic risk of new chemicals 
which fall into this latter group of compounds, termed 
non-genotoxic (or epigenetic) carcinogens. 



Please send reprint requests to : Dr John Rockett, Molecular 
Toxicology Group, School f Biological Sciences, University 
of Surrey, Guildford, Surrey GU2 5XH, UK. 



It is now evident thai non-genotoxic carcinogens 
constitute a group of chemicals which are not only di- 
vergent in their interspecies toxicity, but also demon- 
strate different target organ selectivities and mecha- 
nisms of action (3,4). Elucidation of the molecular 
mechanisms underlying non-genotoxic carcinogenesis 
is currently underway, but the picture is still far from 
complete. It is anticipated that a better understanding 
of the early changes in genetic expression following 
exposure to non-genotoxic carcinogens will aid devel- 
opment of experimental strategies to identify cellular 
markers which are diagnostic for this type of toxicity. 

Subtractive ddRT-PCR is a recently developed 
technique which facilitates the preferential amplifica- 
tion of gene products that demonstrate altered expres- 
sion in target tissue(s) following exposure to chemical, 
stimuli. Furthermore, using this technique, no prior 
knowledge of the specific genes which are up/down 
regulated is required. In the current study, we have un- 
dertaken to develop a specific and rapid assay f r non- 
genotoxic carcinogens using the technique of ddRT- 
PCR. This has allowed us to identify characteristic 
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patterns of gene regulation following administration of 
two different non-genot xic carcinogens (phenobarbi- 
tal and Wy-14,643) and the subsequent identification 
of individual gene species which are regulated by this 
xenobiotic treatment 



MATERIALS AND METHODS 

Animals and treatment 

Phenobarbital (BDH, Poole, UK; 100 mgVkg/day) or 
[4<rJoro^2,3-xyuojno>2-pyriiiuduiylthio] acetic 
acid (Wy- 14.643) (Campo. Emmerich; 250 
mg/kg/day) was administered by gavage to groups of 
3 male Wistar rats (150-200 g) on three consecutive 
days, whilst control animals received nothing. AH ani- 
mals had free access to food (rat and mouse standard 
diet, B&K Universal, Hull, UK) and water. The ani- 
mals were killed on the fourth day, whereupon their 
livers were excised, sliced into 0.5 cm cubes, snap fro- 
zen in liquid nitrogen and then stored at -70°C. 

mRNA extraction 

Up t 0.25 g of each frozen liver sample was ground 
under liquid nitrogen using a mortar and pestle 
mRNA was extracted from the ground liver using 
Pr mega's PolyATttact® System 1000 (Promega 
. Madison. WI, USA) according to the technical man-' 
ual. The mRNA was DNase-treated (Promega, final 
concentration 10 U/ml) before phenol/chloroform ex- 
traction and ethanol precipitation. The mRNA was re- 
suspended at a final concentration 500-1000 ng/uj. 

ddRT-PCR 

This was carried out using the PCR-Select™ cDNA 
Subtraction Kit (Clontech. Palo Alto. CA, USA) ac- 
cording to the manufacturer's instructions. Final PCR 
reactions were run on a 2% Metaphor agarose (FMC 
Rockland, MD, USA) gel containing ethidium bro-' 
nude (Sigma. Dorset, UK) and then overs tained for 30 
min with SYBR Green I DNA stain (FMC, 1:10 000 
dilution in TAE). 
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the DNA eluted using a Genelute* Agarose Spin Col 

DNA SK* ***** ^ST^el^o 
KR US*" re " ampUfied * c original ddS? 

pnmcn and electrophoresed on a 2% 

riw gC, ? C r ampIif,ed b » d "tracted from 
Ac gel (as above) and the eluted DNA ligated direolv 

? t0 , ^ TA Q0nin ^ vector^nvS 

TOP10F One Shot™ cells (Invitrogen). 

Stage 1 screening 

Twelve transformed (white) colonies from each band 
were grown U p for 6 h in 200 uJ LB broth coauSj 
am PIC ,lhn (S.gma. 50 ng/ml) and 1 ul of this amp^ 
Hed by PCR reaction (as specified in ddRT-PCR^ech- 
meal manual). One quarter of the completed reason 
was electrophoresed on a standard 2% agarose gel t£ 
one quarter on a 2% agarose gel containing HA Yel- 

Zu«T Ana t y ^ GmbH ' Bremen - Ge ™»y 

U/ul to discern the different cloning products. The re- 
S V* 10 P f «P« ^Plicate dotblots on Hy- 

fonu Uk/"^ membraneS (Amersham - L ^ Chi 
font, UK). Cultures containing different cloning prod- 

from each (Wxzard Plus SV Minipreps DNA KJSS 

rur SI Pr ° mega) aCCOrdin « 10 *« —-he. 
rurer s instructions. 



Stage II screening 

■The duplicate dotblots were probed with: (a) the final 

^ fTw ff ,SP,ay reaCti ° n; <W * c '^verse-sub- 
tracted differential display reaction. To make the •re- 
verse-subtracted' probe, the subtractive hybridisation 
step of the ddRT-PCR procedure was carried out 
the ongmal tester cDNA as a driver and the driver as 
a tester. Probing and visualisation were carried out us- 

mg the ECL Direct Nucleic Acid Labelling and D^. 
ion System (Amersham) according to the manufac- 
urer s instructions. Those clones which were positive 

for (a) but negative for (b). or showed a substantially 

larger posmve signal with (a) compared to (b). were 

chosen for further analysis. 



Band extraction and cloning 

Each discernible band from the differential display 
pattern was extracted from the gel with a scalpel and 



DNA sequencing 

Positive clones as identified above were sequenced on 
an automated ABI DNA sequencer (Applied Biosys- 
tems, Wamngton, UK). 7 
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/ : (A) Subtractivc ddRT-PCR patterns obtained from rat liver following 3-day treatment withWYu^ u 
1. 1 kb ladder, lane 2. genes up-regulated following Wy iS^SSTL^ 

Wy.14-643 treatment; lane 4, genes up-regulated following Dhenob^i^L^n, •! \* down-regulated following 
phenobarbital treatment; and \L 6, Ikb ^TmSSS^Sr^^i: T ^^^^ lowing 

Ranges when phenobarbital treated mRNAU 2£^^SS°5SSf ^TZ^TZ^fZ 
ladder, lane 2, genes showing increased exoression followi™ w/u ^ ♦ _ ^ A 300 ^ce-vena. Lane 1, ] kb 
lane 3. genes showing increlsed ^TSZ^TZlbJ^^^T^^ * I*-*-** ^ent; 
Materials and Methods for further detail" 8 phcnobaio,tal trcatmem compared to Wy- 14.643 treatment. See 
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. genes down-it^^ 

Band number (Fig. 2) 
(Approximate foe in bp) 



Pbenobarbital dawn-regulated 

nw^eiuencekomology hA^LMBLgeneiden^ion 



1 (15UUJ 




95.3% 


2(1200) 




92.3% 


3(1000) 




91.7% 


7(700) 


Clone 1 


77.2% 




Clone 2 


94.5% 




Clone 3 


91.0% 


6(650) 


Clone 1 


66.9% 




Clone 2 


96.2% 


9(600) 


Clone 1 


86.9% 




Clone 2 


82.0% 


10(550) 




73.8% 


11 (525) 




95.7% 


12(375) 




100.0% 


13(230) 


Clone 1 


97.2% 




Clone 2 


100.0% 




Clone 3 


100.0% 


14 (170) 




96.0% 


15 (140) 




97.3% 


Others: (300) 




96.7% 


(275) 




93.1% 



Rat mRNA for 3-oxoacyf-CoA thiolase 
Rat hemopoxm mRNA 
ft /am* alpha-2u-globulin mRNA 
M. muscufus mRNA for a inhibitor 
Rat electron transfer flavoprotern 
Mouse topoisomerase 1 (Topo 1) mRNA 
Soares 2N6MT M. muscufus (EST) 
Rat a!pha.2u-globuiin (s-type) mRNA 
Soares mouse NML M. muscutus (EST) 
Soares p3NMF19.5 M.muscutus (EST) 
Soares mouse NML M. muscufus (EST) 
NCLCGAP.Prl H. sapiens (EST) 
ft norvegicus mRNA for ribosomal protein 
Soares mouse embryo NbMEl35 (EST) 
Rat fibrinogen B-beta-chain 
Rat apolipoprotein E gene 
Soares P3NMF19.5 W. muscufus (EST) 
Stratagene mouse testis (EST) 
ft norvegicus RASP 1 mRNA 
Soares mouse mammary gland (EST) 

Bands 4-6 w« ,f ST = M P**«J «J»«« tag. 

Bands « were shown » be false positives by dotblo. anaiysis and, therefore, not sequenced. 



Table 11 : Rat liver genes up-regulated by pbenobartrital treatment 



Band number 
(Approximate size in bp) 

5(1300) 
7(1000) 

8(950) 
10(850) 
11 (800) 

12(750) 

15(600) 

16(550) 

21 (350) 



Phenoba rbital up-regulated 



Clone 1 
Clone 2 



Clone 1 
Clone 2 



93.5% 
95.1% 

96.3% 
95.7% 
94.9% 
75.3% 
93.8% 

92.9% 

95.2% 
93.6% 
99.3% 



Rat cytochrome P450IIB1 

mRNA for rat preproalbumin 

Rat serum albumin mRNA 

NCLCGAP.Pn H. sapiens (EST) 

Rat cytochrome P450IIB1 

Rat cytochrome P450IIB1 

Rat cytochrome p450-L (p450IIB2) 

Rat TRPM-2 mRNA 

Rat mRNA for sulfated glycoprotein 

mRNA for rat preproalbumin 

Rat s rum albumin mRNA 

Rat cytochrome P450IIB1 

Rat haptoglobin mRNA partial alpha 

ft. norvegicus gen s for 18S, 5.8S & 28S rRNA 



Bands 1-4, 6. 9. 13. ,4 and ,7-20 shown^* , . _ 

w oe raise positives by dotblot analysis and, therefore, not sequenced 
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Identification of diflerentially-regulated 
genes 

' Gene-sequences were identified using the FASTA pro- 
gramme (httpy/www.ebi.ac.uk/htbin/fasta.py?rcquest) 
to search all EMBL databases for matching DNA se- 
quences. 



RESULTS 

Figure 1AJ shows the ddRT-PCR panerns of genes 
showing altered expression in rat liver following 3 day 
treatment with phenobarbital or Wy-14,643. Individual 
bands were isolated from the phenobarbital-modulated 
patterns (both up- and down-regulated), re-amplified 
(Fig. 2), cloned, screened for false positives and then 
identified. Those xenobiotic-modulated gene products 
identified to date are listed in Tables I and II. 



DISCUSSION 

The advent of combinatorial chemistry has led to the 
synthesis of millions of new chemical compounds, 
many of which may be potentially useful in pharma- 
ceutical, agricultural or industrial applications. How- 
ever, whilst there arc tests available for those posing a 
genot xic activity, there remains no short-term assay 
able to identify those chemicals which may belong to 
the non-genotoxic group of carcinogens. 

We have used an adaptation of the subtractive hy- 
bridisation method - ddRT-PCR - to produce charac- 
teristic profiles or 'fingerprints' of those genes which 
arc up-regulated or down-regulated in male rat liver 
following acute exposure to test chemicals. The ddRT- 
PCR pr files arc characteristic and unique for each of 
the 2 compounds studied to date. 

A number of those gene species showing altered 
express] n following phenobarbital treatment have 
been cloned and identified (Tables I & U). It is inter- 
esting to n te the presence of CYP2B2 in the up-regu- 
llated genes. This would, of course, be expected fol- 
lowing exposure to phenobarbital and serves as a posi- 
tive control for the method. Other genes which one 
might normally expect to be up-regulated do not ap- 
Dear in the table. However, it should be noted that not 
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all bands seen on the differential display were ex- 
tracted and re-amplified due to their being too faint or 
too close to other bands to accurately excise. Further, 
more, it has been well documented f(5) and references 
therein] that a single band extracted from a differential 
display often represents a composite of heterogeneous 
products. We are currently examining new methods to- 
0) improve resolution of the differential display pat- 
terns (including agarose gels); and (ii) distinguish 
Aose ddRT-PCR products which are identical in size 
but different in sequence. 

Our future efforts will be directed towards deter- 
mining the extent of modulation of a number of the 
genes reported herein using semi-quantitative RT- 
PCR. This should reveal the extent of changes in ex- 
pression of key gene products which may be involved 
m non-genotoxic hepatocarcinogenesis and thus help 
increase understanding of this process. Furthermore it 
is anticipated that aligning ddRT-PCR profiles of dif- 
ferent non-genotoxic agents found in responsive and 
non-responsive species may enable identification of 
those genes which are mechanistically relevant to the 
non-genotoxic hepatocarcinogenic process. Accord- 
ingly, this approach lends itself well to the identifica- 
tion, characterisation and sub-classification of possible 
different classes of non-genotoxic carcinogens. 
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Abstract 



Understanding the genetic profile of a cell at all stages of normal and carcinogenic development should provide an 
essentia aid to devdoping new strategies for the prevention, early detection, diagnosis and iczx^oiZZ^Z 
have attempted to identify some of the genes that may be involved in peroxisome-proliS ^ (S-Tnduc^ 
non-genotoxic bepatocarcinogenesis using suppression PCR subtractive hybridisation (SSH* Wistar rats (ma e) w« 
chosen as a representative susceptible species and Duncan-Hartley guinea pigs (male) as a resistant spSes to Z 
hepatogenic effects of the PP, [4^hloro-6-(2,3-xylidinoV2-pyrimidinylthio] acetic acid (W> 5iS? In ea^ 
case groups of four test animals were administered a single dose of Wy-14,643 (250 mg/kg per dav in corn «il?hv 
gastnc intubation for 3 consecutive days. The control animals received corn oil only. On the fourth dav th^n lu 
were killed and liver mRNA extracted. SSH was carried out using mRNA extracted ^Z^** 
livers and used to isolate genes that were up and downregulated following Wy-14,643 treatment Tn«e^JS 
included some predictable (and hence positive control) species such as CYP4A1 and CYP2C11 (upreeulated land 
downregulated m rat liver, respectively). Several genes that may be implicated in bepatocarcinogenesis havT also b^n 
.denufied as have some unidentified spec.es. This work thus provides a starting point for developing a moTecX 
profile of the early effects of a non-genotoxic carcinogen in sensitive and resistant species that could uhima^elyTeS 
to a short-term assay for this type of toxicity. © 2000 Elsevier Science Ireland Ltd All rights reserved 
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Introduction 

The advent of combinatorial chemistry and 
mputer-aided drug design has led to a recent 
surge in the number of chemical compounds 
it have potential therapeutic, agricultural and 
iustrial applications. Although it has been sug- 
;ted that the contribution of synthetic chemicals 
the overall incidence of human cancer is low, 
re still remains an absolute requirement to 
iluate all new chemicals for toxic and carcino- 
lic potential. The latter is one of the most 
>blematic areas of chemical safety evaluation 
1 is usually carried out using short-term in vitro 
1 in vivo genotoxicity assays augmented by 
onic bioassay tests. The short-term assays have 
ved useful in the early identification of poten- 
genotoxic carcinogens, but their value is lim- 
by observations that suggest that 
roximately 60% of chemicals identified as car- 
•gens in life-exposure studies produce mainly 
ative findings in short-term genotoxcity tests 
lby, 1992; Parodi, 1992). Thus, there is cur- 
ly no reliable and rapid means of evaluating 
carcinogenic risk of new chemicals that fall 
this latter group of compounds, termed non- 
toxic (or epigenetic) carcinogens, 
ne approach to addressing this problem is to 
date the molecular mechanisms by which 
vn non-genotoxic carcinogens act. It should 
be possible to identify common factors/ 
lanisms that can serve as early biomarkers of 
nogenic potential for new chemicals. To this 
a large number of groups have reported on 
'arious effects of non-genotoxic compounds 
arious animal species (Marsman et al., 1988* 
et al., 1993; Cattley et al., 1994; Hayashi et 
994; Human and Experimental Toxicology, 
Anderson et al., 1996). However, the mech- 
c picture is still far from complete with many 
ose genes involved in the carcinogenic pro- 
emaining unknown, and their identification 
ore remains a key goal in elucidating the 
ular mechanisms by which non-genotoxic 
ogenesis occurs. 

•tractive hybridisation (SH) and related tech- 
es such as representational difference analy- 
IDA) (Hubank and Schatz, 1994) and 
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1 992) can be used to aid the isolation of genes' 
showing altered expression in target tissues fol- 
lowing exposure to a chemical stimulus. These 
techniques can also be used to identify differential 
gene expression in neoplastic and normal cells 
(Liang et al., 1992), infected and normal cells 
(Duguid and Dinauer, 1990), differentiated and 
undifferentiated cells (Sargent and Dawid, 1983- 
Guimaraes et al., 1995), activated and dormant* 
ceHs (Gurskaya et al., 1996; Wan et al., 1996) 
different cell types (Hedrick et al, 1984; Davis et 
al., 1984) amongst others. Most importantly, us- 
ing such approaches, no prior knowledge of the 
specific genes that are upregulated/downregulated 
is required. 

Using a variation of SH, termed suppression- 
PCR subtractive hybridisation (SSH) (Diatchenko 
et al., 1996), we have previously reported the 
isolation of a number of genes showing altered 
expression m male rat liver following acute expo- 
sure to phenobarbital (Rockett et al 1997) l n 
the current work we have used the same experi- 
mental approach to isolate genes that are differen- 
tially expressed in the livers of male rats and 
guinea pigs following short-term (3-day) exposure 
to the peroxisome proliferator (PP) and non- 
genotoxic hepatocarcinogen, Wy- 14,643. We have 
isolated and identified a number of gene species 
some of which may be important in the induction 
of, or protection against, non-genotoxic 
nepatocarcinogenesis. 

2. Materials and methods 

2.1. Animals and treatment 

All animal experiments were undertaken in ac- 
cordance with Her Majesty's Home Office De- 
partment guidelines under the auspices of 
approved personal and project licences. Male 
Wistar rats (150-200 g) and male Duncan-Hart- 
ley guinea pigs (250-300 g) were obtained from 
Kingman and Bantam (Hull, UK). Upon receipt 
both groups were randomly assigned into two 
groups of four. They were maintained on a rat 
mouse or guinea pig standard diet (B&K Univer- 
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sal, Hull) and a daily cycle of alternating 12-h 
. periods of dark and light. The room temperature 
was maintained at 19°C and a relative humidity of 
55% The animals were acclimatised to this envi- 
. ronment for 7 days before treatment commenced. 
[4<hloro^2,^xylidino>2-pyrimidinylthioJ acetic 
add (Wy-14,643, Campo, Emmerich; 250 mg/kg 
per day in corn oil) was administered by gavage 
to the treated groups of rats and guinea pigs on 3 
consecutive days, whilst control groups received 
an equal volume of corn oil only. During this 
time, all animals had free access to food and 
water. The animals were killed by cervical disloca- 
tion on the fourth day, and their livers immedi- 
ately excised, weighed, sliced into approximately 
0.5-cm cubes, snap frozen in liquid nitrogen and 
stored at - 70°C. 

2.2. mRNA extraction 

Approximately 0.25 g of each frozen liver sam- 
ple was ground under liquid nitrogen using a 
mortar and pestle. Messenger RNA was extracted 
from the ground liver using the PolyATtract® 
System 1000 kit (Promega, Madison, USA) ac- 
cording to the technical manual provided by the 
manufacturers. The mRNA was DNase-treated 
(RQ Rnase-free Dnase, Promega, final concentra- 
tion 10 U/ml) before phenol/chloroform extrac- 
tion and ethanol precipitation. The mRNA was 
redissolved at a final concentration 500-1000 ng/ 
ul. 



2.3. cDNA Subtraction 

This was carried out using the PCR-Select™ 
cDNA Subtraction Kit (Clontech, Palo Alto, 
USA) according to the manufacturer's instruc- 
tions. Subtractions were carried out with mRNAs 
derived from single animals. The mRNA from the 
remaining three animals in each group was later 
ised for quantitative RT-PCR analysis of specific 
;enes. 

14. Band extraction and cloning 

The secondary PCR reactions from the cDNA 
ubtraction procedure were run on a 2% 
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Metaphor agarose gel (FMC, Rockland, USA) 
containing 0 5 jig/ml ethidium bromide (Sigma 
Dorset, UK). One times TAE (0.04 M Tris-ac- 
etate, 0.001 M EDTA) was used to prepare the gel 
and as the running buffer. After running for 6-7 
h at 3.75 V/cm, the gel was overstated for 30 min 
with SYBR Green I DNA stain (FMC, H0000 
dilution in 1 x TAE). Each discernible band of 
the differential display pattern was extracted from 
the gel with a scalpel and the DNA eluted using a 
Genelute™ agarose spin column (Supelco, Belle- 
fonte, USA). Five microlitres of the eluted DNA 
was reamplified using the original nested (sec- 
ondary) PCR primers supplied with the PCR-Se- 
lect™ cDNA subtraction kit. The PCR products 
were electrophoresed on a 2% standard agarose 
gel (Boehnnger Mannheim, East Sussex, UK) and 
the reamplified target bands extracted from the 
gel as above. The eluted DNA was immediately 
hgated into a TOPO TA Cloning* vector (Invitro- 
gen Carlsbad, USA) before transformation in 
Escherichia coli TOP10F' One Shot™ 
(Invitrogen). 



2.5. Colony screening 

2.5.1. Stage I 

Eight transformed (white) colonies from each 
band were grown up for 6 h in 200 ul LB broth 
containing ampicillin (Sigma, 50 mg/ml). One mi- 
crolitre of this was subjected to PCR using the 
same conditions and nested primers as described 
above. One tenth (2 ul) of the completed PCR 
reaction was electrophoresed on a 2% standard 
agarose gel and one tenth on a 2% standard 
agarose gel containing HA red (Hanse Analytik 
GmbH, Bremen, Germany, 1 U/ml) to discern the 
differentially cloned products. The remainder of 
the PCR reaction was used to prepare duplicate 
dotblots on Hybond N + membranes (Amersham 
Little Chalfont, UK). 

2.5,2. Stage II 

The duplicate dotblots were probed with (a) the 
final differential display reaction and (b) the 're- 
verse-subtracted' differential display reaction. To 
make the 'reverse-subtracted' probe, the subtrac- 
ts hybridisation step of the differential display 
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T-PCR procedure was carried out using the 
riginal tester (treated) mRNA as the driver and 
l'e original driver (control) mRNA as the tester, 
robing and visualisation were carried out using 
ie ECL direct nucleic acid labelling and detec- 
an system (Amersham, Little Chalfont, UK) ac- 
>rding to the manufacturer's instructions. Those 
ones that were positive for (a) but negative for 
), or showed a substantially larger positive sig- 
il with (a) compared to (b), were selected for 
NA sequence analysis. 

5. DNA sequencing 

The remainder of the cultures (prepared in 
ige 1 screening) containing different cloning 
oducts (as discerned in the two screening steps) 
re grown up overnight in 5 ml LB broth con- 
ning ampicillin (50 mg/ml). A plasmid miniprep 
s prepared from each (Wizard Plus SV 
nipreps DNA purification system, Promega) 
:ording to the manufacturer's instructions. The 
ned inserts were sequenced on an automated 
•I DNA sequencer (Applied Biosystems, War- 
?ton, UK) using the Ml 3 forward primer 
rAAAACGACGGCCAGT) or Ml 3 reverse 
ner (AACAGCTATGACCATG). 

Identification of differentially regulated genes 

Jene sequences thus obtained were identified 
ig the FASTA 3.0 programme (Lipman and 
rson, 1985; Pearson and Lipman, 1988) (http:/ 
•w.ddbj.nig.ac.jp/E-mail/homology.html) to 
ch all EMBL databases for matching DNA 
lences. Each clone sequence was submitted in 
forward and reverse direction, and the one 
rning the highest statistical probability of 
:h to a known sequence was noted. Sequence 
iologies between our submitted clone sequence 

the queried database sequence were deter- 
id (by FASTA) over a region of at least 60 

pairs. 

RT-PCR analysis of selected candidate genes 

»NA sequences of the target genes were ob- 
d from the NIH gene database (GenBank at 



http: //www.ncbi.nlra.nih.g6v/ Web/Search/index 
html) and the computer programme gene 
jockey (BioSoft, Cambridge. UK) used to select 
pnmer pairs from these sequences. Where guinea 
pig sequences were available, rat and guinea pig 
sequences were aligned and primers chosen from 
regions of homology. If guinea pig sequences were 
not available, rat and human sequences were 
used. In cases where exact homology could not be 
found, the sequence from the rat was used. In the 
case of CD81 only, no rat or guinea pig sequences 
were available and so mouse and human se- 
quences were aligned and a primer pair chosen 
from a region of homology. Primers (obtained 
from Gibco-BRL, Paisley, UK) were dissolved at 
a concentration of 50 pmol/ul in sterile distilled 
water and stored at -20°C. The primer pairs 
used plus other reaction parameters are shown in 
Table 1. mRNA was extracted (as described 
above) from all four treated animals and from 
three animals in the control group. Integrity of 
the eluted mRNA was confirmed on a 2% agarose 
gel, and the concentration and purity were mea- 
sured using a Genequant II spectrophotometer 
(LKB, Bromma, Sweden) and then diluted to 10 
ng/ul. One microlitre of this latter solution was 
used per RT-PCR reaction. 

RT-PCR was carried out in a single tube (50 ul) 
reaction using the Access RT-PCR system 
(Promega) according to manufacturer's instruc- 
tions. In the kinetic and quantitative analyses, 
omission of RNA was used as a control for the 
presence of any contaminating DNA. After ob- 
taining a PCR signal of the correct size and 
optimising the reaction conditions, each PCR 
product was digested with between two and four 
separate restriction enzymes. Specific restriction 
patterns were thus obtained, which further confi- 
rmed the identity of the PCR products as being 
the original target genes. Kinetic analysis (14-32 
cycles) was then performed in each case to deter- 
mine the location of the mid-log phase. 

For the semi-quantitative analysis of each 
target gene, RT-PCR reactions were carried out in 
triplicate for each sample to reduce the effect of 
intertube RT-reaction variations (Kolls et al., 
1993) and pipetting errors. For each gene, a mas- 
termix containing enough reagents for three times 
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the number of samples (seven for rat, six for 
guinea pig) was prepared except that mRNA was 
omitted, the latter being added after aliquoting 49 
ul of the mastermix into ah appropriate number 
of tubes. Amplification of albumin (the reference 
gene) was carried out in separate tubes since the 
mid-log phase of this gene is at a much lower 
cycle number than the target genes due to its high 
abundance. All RT-PCR products were analysed 
on 2% agarose gels containing 0.5 ug/ml ethidium 
bromide. The target gene samples were loaded on 
the gel first and run in at 3 V/cm for 10 min. The 
corresponding albumin samples were then loaded 
and the gel run for a further 1/2 h. In this way, all 
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g. 1. Final displays of differentially expressed genes that 
re (I) upregulated and (2) downregulated in rat (A) and 

'£? P 'IkS ) ,,VCrS f ° ,,OWiD * ^ treatra «>« with Wy- 
643. mRNA extracted fr m control and treated livers was 
d to generate the differential displays using the PCR-Select 
NA subtract, „ kit (Clouted* Une (L) is a 1 Kb DNA 

SfiTJlfS a l d 10 * of sccondary PC * •« 

3ed in all ther lanes. 



RT-PCR products from each target gene and 
albumin from the corresponding samples could be 
run on the same gel. Gels were photographed 
using type 665 posi-neg film (Sigma) and quanti- 
tation of the band intensity was carried out usine 
a dual wavelength flying spot laser scanner densit- 
ometer (Shimadzu). 

2.9. Statistical analysis 

Statistical analysis of unpaired samples was ear- 
ned out using the two-tailed Student's /-test Val- 
ues were considered statistically significant at 
r < 0.05 or less. 



3. Results 

3.1. Cloning and screening of transcripts 

For both the rat and guinea pig experimental 
groups, cDNA subtraction was carried out in the 
forward (control driving tester) and reverse (tester 
driving control) directions to isolate both upregu- 
lated and downregulated mRNA species respec- 
tively Using a standard primary hybridisation 
time of 8 h we obtained a substantial amount of 
non-specific products in all the final differential 
displays (data not shown). This background 
smearing was almost completely removed by re- 
ducing the primary hybridisation time to 4 h 

£p?^o CHniqUeS ' 19961 Fi 8- 1 shows the 
ook r-PCR patterns of genes showing altered ex- 
pression in rat and guinea pig liver following 
3-day treatment with Wy-14,643. The profiles are 
unique for each species, and in each case the 
profile for the upregulated genes (control mRNA 
driving tester mRNA) is different to that obtained 
for the downregulated genes (tester mRNA driv- 
ing control mRNA). 

The practical outcome of the SSH method is 
that a series of differentially expressed genes is 
observed as a ladder on an agarose gel The 
majority of these gene fragments fall within the 
150-2000 bp range, with bands up to 5 Kbp 
occasionally being observed. Each band may the- 
oretically consist of one or more products of 
similar size, as the gel has a maximum resolution 
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Fig. 2. Discrimination of different ddRT-PCR products having 
the same molecular size using HA-red. Gel (A) is a 2% 
standard agarose gel. Gel (B) is a 2% standard agarose gel 
containing 1 U/ml HA-red. Band numbers refer to the sequen- 
tial bands (largest to smallest) extracted from the original 
display of genes upregulated in rat liver following 3-day treat- 
ment with Wy-14,643. Ten micorlitres of each PCR reaction 
were loaded per lane. 



of approximately 1.5% (3 bp per 200). In addi- 
tion, there may be two or more products that are 
the same size, but have a different sequence. 
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Therefore some form of discrimination must be 
employed to isolate as many of these products as 
possible. HA-red screening (Geisinger et al M 1997) 
of a number of clones derived from each band 
provided a means to discriminate between differ- 
ent gene species of the same size. A typical exam- 
pie of such a gel is shown in Fig. 2. In total, 88 
and 48 apparently different clones were obtained 
from the final differential expression patterns of 
upregulated and downregulated rat genes, respec- 
tively. Sixty nine and 89 apparently different 
clones were obtained from the final differential 
expression patterns of the upregulated and down- 
regulated guinea pig genes, respectively. 

Having identified as many different candidate 
gene products as possible in the screening step I, a 
second screening step was carried out on every 
clone to confirm those that represented true dif- 
ferentially expressed genes. This is necessary since 
no subtraction technique is 100% efficient. The 
approach we used, termed PCR-select differential 
screening (as recommended in Clontech's PCR-se- 
lect cDNA subtraction kit protocol), utilises the 
forward and reverse subtractions as an aid to 
screening for the true differentially expressed 
genes (CLONTECHniques, 1997). Because these 
probes have already undergone subtraction, they 
have been enriched for differentially expressed 
genes and are therefore more sensitive than un- 
subtracted driver/tester cDNA probes for detect- 
ing true differential expression. All the clones that 
were isolated from each display were dotblotted 
and probed with the display from which they was 
obtained, plus the corresponding reverse-sub- 
tracted display. An example of such a blot is 
shown in Fig. 3. Clones corresponding to authen- 
tic differentially expressed mRNAs hybridised 
with the subtracted cDNA probe, but not the 
reverse-subtracted probe. We also included in the 
authentic positives, those clones that gave a sub- 
stantially greater signal with the subtracted probe 
compared to the reverse-subtracted probe. False 
positives hybridised with either both probes or 
with neither probe. Of the original 88 upregulated 
and 48 downregulated rat clones selected for this 
screening step, 28 (32%) and 15 (31%) respec- 
tively, were found to be true positives. In the rat. 
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I (100%) of the true positive upregulated genes 
able 2) and 11 (73%) of the true positive down- 
gulated genes (Table 3) were non-redundant Of 
e original 69 upregulated and 89 downregulated 
inea pig clones selected for this screening step 
(70%) and 37 (42%) respectively, were found to 
true positives. Thirty six (75%) of the upregu- 
ed genes (Table 4) and 33 (89%) 0 f the down- 
;ulated genes (Table 5) were non-redundant 



Identification of clones 

)n sequence analysis it was found that some 
ies were unsequencable in the first instance 
13 forward primer) due to long polyA runs 
t appeared to prematurely terminate the se- 
ncing reaction. These clones were therefore 
quenced from the opposite direction using the 
? reverse primer. Those xenobiotic-modulated 
: products identified to date are listed in Ta- 
2 and 3 (rat) and Tables 4 and 5 (guinea pig) 




)ot blots of clones of putative upregulated gene species 
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ods) were blotted and probed with (A) the differed 
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Transferrin 
Lecithinxholesterol 

acyltransferase 
2n-a2-glycoprotein 
Serum albumin 
Fructose- 1,6-bisphos 

phate J-phospho- 

hydrolase 
Soares mouse 

melanoma (EST) 

(S c ) 
Soares mouse 

3NbMS (EST) 

(AS C ) 



V01235 
AA038051 



96 
96 



RNCYPLA 


94 


RNHMGCOA 


94 


RNRABGERA 


94 


RNRRNA 


94 


MMRNACAR 


92 


MM1157113 


92 


AA545726 


92 



AA408192 

RNALPH1M 

RNTRANSA 
RNU62803 

RN2A2GA 
RNJALBM 
RNFBP 

AA 124706 

A A 154039 



92 

91 

91 
90 

90 
89 



88 



Ttbte 2 (Continued) 
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FASTA-EMBL gene 
identification (rat un- 
less therwise stated) 



Accession No. 



Sequence 
homology" (%) 



17-^hydroxsteroid de- RN17BHDT2 87 

bydrogenase 
Soares mouse AAO38051 87 

p3NMF19.5 (EST) 
Peroxisomal enoyl- RNPECOA 85 

CoA:hydratase -3- 

hydroxyacy) CoA 

bifunctional enzyme 
Integral membrane S45012 81 

protein, TAPA-1 

(CD81) (mouse) 
Soares mouse lymph MMAA88445 81 

node (EST) 
H. sapiens (done L40401 76 

zapl28) mRNA 
Lysophospholipase ho- HSU67963 76 

mologue (human) 
Soares mouse lymph AA2 17044 74 

node (EST) 

° Refers to the nucleotide sequence homology between the 
cloned band isolated from the differential display and the 
corresponding gene derived from the EMBL gene sequence 
bank. 

b EST is 'expressed sequence tag* — a gene of as yet 
unknown identity and function. 

c Where sequence homologies were equal in both directions 
of the isolated band, both the sense (S) and antisense (A) 
identities are given. 



In all cases, both the forward and reverse se- 
quence of the target clones were analysed and the 
gene having the highest statistical homology 
noted. 

33. RT-PCR analysis of selected clones 

The results of a typical RT-PCR semi-quantita- 
tion experiment for transferrin in the rat is given 
in Fig. 4 and the results for a total of 12 selected 
genes in both the rat and guinea pig are shown in 
Table 6. 



Idemifitttion of genes that were downregulated in male rat 
liver foil wmg 3-day treatment with Wy-14,643 



FAST-EMBL gene 
identification (rat un- 
less therwise stated) 



Accessi n N 



Sequence 
homology* (%) 



NCI CGAP Lil (M 




99 


sapiens ) [Col )\$ ) 






NPI Cd AP Prl IU 


AA469320 


99 


sapiens ) (co 1 ){A& ) 






uL/r-giucuronosyi* 


RN06273 


98 


unnsi erase 










Complement compo- 


RNC3 


96 


nent c3 






Soares mouse pla- 


AA023305 


96 


centa (S) 






/ »F C \^*«JUipaniCCj Zoo 


PTRGMC 


96 


rRNA (AS) 




Rat CYP2C11 


RNCYPM1 


95 


Ribosomal protein S5 


RNRPS5 


94 


Transthyretin 


RNTTHY 


94 


Contrapsin-like 


RNCCP23 


89 


protease inhibitor 






Prostaglandin F2a (S) 


RN26663 


84 


P-2-microglobulin 


RNB2MR 


84 


(AS) 




Apolipoprotein C-III 


RNAPOA02 


82 


Parathymosin-alpha 


RN112NBP 


75 



(zinc2* -binding 
protein) 



" Refers to the nucleotide sequence homology between the 
cloned band isolated from the differential display and the 
corresponding gene derived from the EMBL gene sequence 
bank. 

b EST is 'expressed sequence tag' — a gene 0 f as yct 
unknown identity and function. 

c Where sequence homologies were equal in both directions, 
both the sense (S) and antisense (A) identities are given. 



4. Discussion 

It is now apparent that all cancers arise from 
accumulated genetic changes within the cell. Al- 
though documenting and explaining these changes 
presents a formidable obstacle to understanding 
the different mechanisms of carcinogenesis, the 
experimental methodology is now available to 
begin attempting this difficult challenge. In order 
to begin the elucidation of the molecular mecha- 
nisms involved in non-genotoxic hepatocarcino- 



y.C Rockett et at. /Toxicology 144 (2000) 13-29 



mesis, we have used SSH to identify a number of 
:nes that are upregulated or downregulated in 
ale rat and guinea pig livers following short 
nn exposure to the PP f Wy-14,643. We have 
>ed the rat model to represent a species suscepti* 
e to the non-genotoxic carcinogenic effect of 
f>s and the guinea pig as a resistant species 
>rton et al M 1984; Rodricks and Tumbull, 1987; 



blc4 



Lake et al. t 1989; Makowska et al. f 1992; Lake et 
al., 1993). 

Gurskaya et al. (1996), who originally devel- 
oped the SSH technique, cloned the products of 
the secondary PCR reaction and screened a small 
number of randomly selected colonies for differ- 
entially expressed clones using northern hybridisa- 
tion. However, we decided against this approach 



mtification of genes that were upregulated in male guinea p ig liver following 3-day treatment with WY-14,643 
£TA-EMBL gene identification (guinea pig unless otherwise stated) 



rboxylesterase 

mplement C3 protein (GPC3) 
rosolic aldehyde dehydrogenase (sheep) 
alase (human) 

och ndriaJ aspartate aminotransferase (pig) 
ngation factor- 1 -alpha (rabbit) 

I_CGAP_Br2 H. sapiens cDNA clone (EST) (Similar to chick mit. phosphoenolpyru- 
ate carboxykinase) 
>ha-l-antiproteinase S 

f rmyltetrahydrofolate dehydrogenase (rat) 
osomal pr tein L6 (rat) 
res pregnant uterus Nb (EST) (mouse) 
Dchondrial citrate transport protein (human) 
Dplasmic chaperonin hTRiC5 (human) 
ia-1-antipr teinase F 

:rogeneous nuclear ribonuclearprotein cl/c2 (human) 
es parathyroid tumour (EST) (similar to human serum albumin precursor) 
tagene mouse kidney (EST) 

•es parathyroid tumour NbHPA human cDNA (EST) 
es mouse mammary gland (EST) 
>JA clone 15 004 (EST) (human) 
*s senescent fibroblasts (EST) (mouse) 
<r albumin (human) 
M clone 73 169 (EST) (human) 
Tiin D-binding protein (human) 
H gene (exon 8) (human) 
L fl w sorted chromosome 
;s foetal liver spleen (EST) (mouse) 
rs foetal heart NbMH19W (EST) (mouse) 
n foetal heart NbHH19W H. sapiens cDNA clone (EST) 
ylalanine hydroxylase (human) 
ie-5-carboxylate dehydrogenase (human) 
ithione-S-transferase homologue (human) 

CGAP.GCBI (EST) (human) 
ctive pr tein (human) 

27 375 (EST) (human) 

gene col n ( # 937 204) H. sapiens cDN A clone (EST) 



Accession Ma 


Sequence 




homology* (%) 


ABO 10654 




M34054 


yl 


U12761 


y2 


X04076 


oo 
oy 


M 11732 


oy 


X62245 


CO 


AA587436 


5 / 


M57270 


OJ 


M 59861 




X87107 




AA 156847 


O J 


L77567 


80 


U17104 


80 


M57271 


77 


D28382 


77 


AA86065I 


76 


AA 107327 


75 


AA860653 


74 


AA6 19297 


74 


H01826 


74 


W52190 


74 


E04315 


72 


T56624 


72 


L10641 


71 


Y11498 


71 


B05457 


7] 


AA009524 


71 


AA009421 


69 


W94377 


67 


U49897 


67 


U24266 


66 


U90313 


65 


AA769294 


65 


M22960 


64 


N37046 


62 


AA 149777 


62 



and the correspond- 
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Tabic 5 

. Identification of genes that were downregulated in male guinea 
pig liver f Mowing 3-day treatment with WY- 14,643 



Tabk 5 (Continued) 



FASTA-EMBL gene 
identificati n (guinea 
pig unless therwise 
stated) 



Accession N 



Sequence 
homology - (%) 



Complement C3 

protein 
Murin globulin 
Alpha- 1-an- 

tiproteinase F 
£1 ngation factor-al- 
pha- 1 (rabbit) 
Coupling protein G 

(human) 
NCl.CGAP.Ovl 
(EST*) (human) 
Letithinxholesterol 
acetyl transferase 
(rabbit) 
Aldolase B (human) 
Anti-thrombin III 

(human) 
Phenylalanine hy- 
droxylase (human) 
Inter-a-trypsin in- 
hibitor (human) 
Normalised rat mus- 
cle (EST) (S c ) 
Normalised rat ovary 

(EST) (AS C ) 
Complement factor 
Ba fragment (hu- 
man) 

Dihydrodiol dehydro- 
genase (human) 

Spot 14 gene (thyroid- 
inducibie hepatic 
pr tein)(human) 

BAC clone 174pl2 
(human) 

Mitochondrial alde- 
hyde dehydroge- 
nase (human) 

Preproalbumin (hu- 
man) 

NCI_CGAP_Pr9 
(EST) (human) (S) 

Normalised rat pla- 
centa (EST) (AS) 

ieparin sulfate pro- 
teoglycan (human) 

DNA clone 33 992 
(EST) (human) 



M34054 

D84339 
M57271 

X62245 

X04409 

AA586309 

D13668 

X00270 
E00116 

K03020 

D38595 

AA849753 

AA801059 

X00284 

U05598 
Y08409 

AC004236 
X05409 

E04315 

AA533142 

AA851197 

J04621 

R24330 



97 

95 
88 

89 

88 

87 

85 

84 
80 

80 

79 

78 

78 

77 

76 
75 

75 
74 

74 
74 
74 
73 
73 



FASTA-EMBL gene 
identification (guinea 
pig unless otherwise 
stated) 



Accessi n No. 



Sequence 

h m logy* (%) 



Retinol dehydrogenase U33501 
(rat) 

TAPA-1 integral mem- S45012 

brane protein 

(CD81) (mouse) 
Complement compo- M35525 

nent c5s 
Apolipoprotein B (pig) LI 1235 
cDNA clone 143 918 R76742 

(EST) (human) 
o-rlbrinogen (human) K02569 
Soares foetal liver W03726 

spleen INF (mouse) 
Barstead bowel (EST) AA232049 

(mouse) 

UDP glucuronosyl AF0309137 

transferase (cat) 
Myeloid leukaemia cell L08246 

differentiation 

protein (MCL-1) 

(human) (S) 
STS SHGC-34 987 (hu-G27984 

man) (AS) 
Soares mouse AA222798 

3NME125 
Stratagene mouse em- AA 199420 

bryonic (EST) (S) 
Rad 52 (mouse) AF004854 



71 
71 

70 

69 
68 

68 
68 

67 

66 

65 

65 
64 
64 
63 



a Refers to the nucleotide sequence homology between the 
cloned band isolated from the differential display and the 
corresponding gene derived from the EMBL gene sequence 
bank. 

b EST is 'expressed sequence tag' — a gene of as yet 
unknown identity and function . 

e Where sequence homologies were equal in both directions, 
boththe sense (S) and antisense (A) identities are given. 

for several reasons: (1) the kinetics of ligation and 
transformation favour the isolation of smaller 
PCR products, thereby producing a misrepresen- 
tation of larger gene products; (2) northern blot 
analysis is notoriously insensitive and is unlikely 
to confirm expression of rare transcripts; (3) there 
is no measurable end point to the screening of 
clones produced in this way other than to analyse 
every transformed colony. We used instead an 
alternative approach; after running out the differ- 
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ential display on a high-resolution agarose gel 
(Fig. 1) and overstaining with SYBR Green I to 
enhance visualisation, the composite bands were 
individually extracted, reamplified and cloned. 
However, it has been well documented that single 
bands from differential displays often contain a 
heterogeneous mixture of different products 
(Mathieu-Daude et al., 1996; Smith et al., 1997). 
This is because polyacrylamide gels cannot dis- 
criminate between DNA sequences that differ in 
;ize by less than about 0.2% (Sambrook et al., 
1989). High-resolution agarose gels such as those 
ised in this work are even less sensitive, normally 
inly discriminating products that differ in size by 
it least 1.5%. The use of the HA-red screening 
tep enables resolution of identical or nearly iden- 
ical sequences based on their AT content (Wawer 
t al., 1995) and is sensitive down to < 1% differ- 
nce. Furthermore, it is rapid, technically simple 
nd does not require the use of radiolabels 
Jeisinger et al. (1997) originally demonstrated the 
sefulness of using HA-red to identify different 
roducts cloned from the same band of an RNA 
ifferential display experiment by simultaneously 
inning them in normal agarose (to discriminate 
y size) and in normal agarose containing HA-red 

0 discriminate by AT content). We have found 
lat this approach is equally useful for identifying 
fferent gene species cloned from the same band 
' our SSH display. 

Diatchenko et al. (1996) reported that SSH is 
ghly efficient at producing differentially ex- 
essed gene species. However, we also included a 
cond screening step to further confirm that the 
jnes isolated from the differential display were 
ieed differentially expressed. Duplicate dotblots 
the candidate clones were blotted with the 
splay from which they were originally isolated 
d with the 'reverse subtraction' display. To 
ike the reverse-subtracted probe, the subtractive 
bndisation step of the procedure was carried 
t using the original tester cDNA as a driver 

1 the original driver cDNA as a tester. In this' 
y, clones that are false positives can be iden- 
-d through their presence in both blots. Such 
;e positives most commonly arise through hav- 
a very high abundance in the initial sample or 

isual hybridisation properties (Li et al., 1994). 



Although the SSH method itself has been 
shown to be efficient, and despite the screen^ 
step that we included, there is an important caveat 

L ^ 7 miD i~ DameIy that il is im P° rtan t 

that all clones be considered only as 'candidates' 
until the actual abundance of their mRNA is 
quamitated in treated and control samples. To- 
wards this end, we examined the expression of a 
tailed number of clones using semi-quantitative 
KT-PCR. Albumin was used as the reference eene 
as we have previously found that the expression 
of this gene does not appear to change with the 
treatment regime that we used (Fie. 4, and data 
not shown). There are a number "of interesting 
points to note from our results. The first is the 
presence of genes that serve as appropriate posi- 
tive controls m the upregulated and downregu- 

h!,', rvpLf 0 ' eXamplC ' in the rat k ran * 
mat LYP4AI expression increases 14-fold follow- 
ing treatment. Although CYP4AI mRNA expres- 
sion levels following WY-14,643 treatment have 
not been previously reported in this model, the 
figure compares favourably with that recorded by 
Bell et al. (1991), who used RNAse-protection to 
quantnate CYP4A1 in rat liver following treat- 
ment with methylclofenapate, another PP In ad- 
dmon we also confirmed that the peroxisomal 
enoyl-CoA:hydratase-3-hydroxyacyl-CoA bifunc- 
tional enzyme is also upregulated 9-fold, in agree- 
ment with the findings of Chen and Crane (1992) 
A number of genes were downregulated follow- 
ing Wy-14,643 exposure, including CYP2C11 ex- 
pression. Corton et al. (1997) reported similar 
findings and suggested that this may in part ex- 
plain why male rats exposed to Wy-14 643 and 
some other PPs have high serum estradiol levels 
as estradiol is a substrate for CYP2C1 1 We have 
also shown that the expression of contrapsin-like 
protease inhibitor (CLPI) was downregulated by 
Wy-14,643. This has not previously been reported 
and we suggest that it may be linked to a require- 
ment for increased availability of amino acids to 
accommodate the hepatomegaly induced by treat- 
ment. Although little is known of the function of 
parathymosin-a, (zinc 2 + -binding protein) it has 
been shown to interact with the globular domain 
of histone HI, suggesting a role in histone func- 
tion (Kondili et al., 1996). In contrast to the 
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Albumin 
Transferrin 




Albumin 
Transferrin 




ig. 4. Semi-quantitative RT-PCR experiment showing relative decrease in M nr«ci™ «r r • 



Dwnregulation observed in this work, other stud- 
s have shown that parathymosin-a expression is 
evated in breast cancer (Tsitsilonis et al., 1993, 
>98), with the implication that parathymosin-a 
ay somehow be involved in regulating cell pro- 
eration by more than one mechanism. Transfer- 
l has previously been shown to be 
>wnregulated in rat liver by hypolipidemic PPs 
lertz et al., 1996). It is therefore interesting to 
>te that we isolated a clone identified as transfer- 
i from the upregulated display profile. Since we 
nfirmed by RT-PCR that transferrin is in fact 
wnregulated in the rat (Fig. 4), we conclude 
it transferrin was either a false positive or was 
:orrectly identified. It could also be that we 
ve isolated a close relative, splice variant or 
form of transferrin, which demonstrates a dif- 
snt expression profile under these experimental 
iditions. Further investigations are therefore 



required to determine which of these possibilities 
are correct. 

One of our most intriguing observations was 
that one gene, CD81, appeared to be upregulated 
in rat liver but downregulated in guinea pig liver 
following Wy- 14,643 exposure. CD81 is a widely 
expressed cell surface protein that is involved in a 
large number of cellular functions, including ad- 
hesion, activation, proliferation and differentia- 
tion (reviewed by Levy et al., 1998). Since all of 
these functions are altered to some extent in car- 
cinogenesis, it is perhaps an important observa- 
tion that CD81 expression is differentially 
regulated m a resistant and sensitive species ex- 
posed to a non-genotoxic carcinogen. 

Albumin and ribosomal genes appear common 
to all differential displays and are thus undesir- 
able false positives. However, due to their high 
expression in the liver, they are difficult to re- 
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love. We also noted a number of gene species, 
articularly in the guinea pig, which were com- 
lon to both upregulated and downregulated 
rofiles. Again, the most likely reason for these 
aving arisen is their high abundance. 
A relatively large number of upregulated and 
Dwnregulated genes were isolated from guinea 
g liver following Wy- 14,643 exposure. However, 
e guinea pig genome has been relatively poorly 
iaracterised and so many of the clones were 
entified as resembling genes or ESTs from other 
ecies. Without full-length sequence data it is 
rficult to ascertain the accuracy of the assigned 
mtities and this must be borne in mind when 
ilising data such as this, for example, in design- 
; effective primers for RT-PCR studies. AI- 
>ugh the actual isolated clone sequences can be 
jd to do this, their relatively small size often 
tricts the ability to design effective primers. In 
iition, as we observed with transferrin, using a 
Wished full-length sequence may help to iden- 
' false positives. 



By comparing the expression profiles of genes 
showing altered expression in a PP-sensitive spe- 
cies (rat) with a PP-resistant species (guinea piV) 
it was our aim to identify genes that are mecha- 
nistically relevant to the non-genotoxic hepatocar- 
cinogenic action of Wy-14,643. However, few of 
the genes that we have isolated were common to 
both the rat and the guinea pig. This suggests 
either that the molecular mechanisms of response 
in these two species are so different that few genes 
are commonly regulated in response to Wy-14 643 
exposure, or that we have recovered only a small 
proportion of those genes that have altered ex- 
pression. The latter seems the more likely scenario 
since it is perceived that one of the main problems 
of subtractive hybridisation and other differential 
expression technologies is the inability to consis- 
tently isolate rare gene transcripts (Bertioli et al.. 
iyy5). This is potentially problematic in that 
weakly expressed genes may play an important 
role in regulating key cellular processes, and that 
the majority of mRNA species are classified as 




4A1 
iase 

I (TAPA-1) 



.apsin-like protease inhibitor 

hymosin-ot (zinc 2 * binding 

tein) 

ferrin 



Glucuronosyl transferase 



Up 

N/A 

Up 

Down 
Down 
Up 
Down 



N/A 

Up 

Down 



N/A 
N/A 
N/A 
N/A 




No change 
Upregulated* (9x) 
Downregulated* 
(Abolished) 
Upregulated* (14 x ) 
No chanee 
N/O 

Downregulated** 

(0.5 x) 

Downregulated** 

(0.6 x) 

Downregulated* 

(0.5 x) " 

Downregulated** 

(0.2 x ) 

No change (P = 0.06) 
No change 



N/D 
N/O 

Upregulated**(1.4 

*) 
N/D 

N/D 

No change 
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'rare' in abundance (Bcrtioli ct al., 1995). How- 

• ever, in their original paper describing the SSH 
technique, Gurskaya et al. (1996) demonstrated 
that SSH can enrich rare molecules between 1000- 

- and 5000-fold in a single round of hybridisation. 
Unfortunately, due to high background smearing 
in our initial experiments (which hindered identifi- 
cation of single bands), we were compelled to 
reduce the primary hybridisation time to only 4 h 
— a step that theoretically is likely to reduce the 
number of rare sequences (CLONTECHniques, 
1996). Furthermore, it has been claimed by the 
manufacturers that, whilst this technique can 
identify changes as small as 1.5-fold between the 
driver and tester populations, it is best suited to 
the isolation of genes that show a greater than 
5-fold increase (CLONTECHniques, 1996). In ad- 
dition, where tester and driver contain genes with 
large and small differences in abundance, the SSH 
method will be biased towards identifying those 
genes with the large differences (CLONTECH- 
niques, 1996). Thus, it is most probable that we 
have not isolated all of the more rarely expressed 
transcripts and those demonstrating small changes 
in expression. 

One problem that remains is identifying the 
function of genes isolated in SSH experiments as 
described herein, some of which may be crucial to 
the process of carcinogenesis, and are, to date, 
unidentified. However, we have provided evidence 
herein that SSH can be used to begin the process 
of characterising the extent and importance of 
altered gene expression in response to a chemical 
stimulus. The developments of this approach 
should include characterisation of temporal and 
dose responses, and functional analysis studies 
including knockout mice. In combination, such 
studies should make a significant contribution to 
our understanding of the molecular mechanisms 
of action and physiological relevance of gene reg- 
ulation in non-genotoxic hepatocarcinogenesis. It 
should then be. possible to ascertain whether dif- 
ferentially expressed genes are causally or casually 
related to the chemical-induced toxicity, and 
therefore a substantial mechanistic advance. 

It is clear that there are also broader applica- 
tions for this experimental approach that go be- 
yond understanding the molecular mechanisms of 
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peroxisome-proliferator induced non-genotoxic 
hepatocarcinogenesis in rodents. The potential 
medical and therapeutic benefits of elucidating the 
molecular changes that occur in any given cell in 
progressing from the normal to the carcinogenic 
(or other diseased, abnormal or developmental) 
state are very substantial. Notwithstanding the 
lack of complete functional identification of al- 
tered gene expression, such gene profiling studies 
described herein essentially provides a 'fingerprint* 
of each stage of carcinogenesis, and should help in 
the elucidation of specific and sensitive biomark- 
ers for different types of cancer. Amongst other 
benefits, such fingerprints and biomarkers could 
help uncover differences in histologically identical 
cancers, and provide diagnostic tests for the earli- 
est stages of neoplasia. In addition, the genes 
identified by this approach may be incorporated 
into gene-chip DNA-arrays, thus providing a 
standard genetic fingerprint for a particular toxin 
treatment in a particular species. Interrogation of 
these gene arrays for an unknown compound that 
has a similar pattern to the known reference 
chemical would then provide evidence that the 
unknown may have a toxicity profile similar to 
the 'standard' fingerprint, thereby serving as a 
mechanistically relevant platform for further de- 
tailed investigations. 
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ABSTRACT We have developed high-density DNA mi- 
croarrays of yeast ORFs. These microarrays cao monitor 
hybridization to ORFs for applications such as quantitative 
differentia) gene expression analysis and screening for se- 
quence polymorphisms* Automated scripts retrieved sequence 
information from public databases to locate predicted ORFs 
and select appropriate primers for amplification. The primers 
were used to amplify yeast ORFs in 96-well plates, and the 
resulting products were arrayed using an automated micro 
arraying device* Arrays containing up to 2,479 yeast ORFs 
were printed on a single slide. The hybridization of fluores- 
centfy labeled samples to the array were detected and quan- 
titated with a laser confocal scanning microscope. Applica- 
tions of the microarrays are shown for genetic and gene 
expression analysis at the whole genome leveL 

The genome sequencing projects have generated and will con- 
tinue to generate enormous amounts of sequence data. The 
genomes tiSacehMromycescerevisiae, Haemophilus influenzae (1), 
Mycoplasma genixahum (2), and Methanococcus jannischu (3) 
have been completely sequenced. Other model organisms have 
had substantial portions of their genomes sequenced as well 
including the nematode Caenorhabdms elegans (4) and the small 
flowering plant Arabidopsis thaliana (5). Given this ever- 
increasing amount of sequence information, new strategies are 
necessary t efficiently pursue the next phase of the genome 
projects— the elucidation of gene expression patterns and gene 
product function on a whole genome scale. 

One important use of genome sequence data is to attempt 
to identify the functions of predicted ORFs within the genome. 
Many f the ORFs identified in the yeast genome sequence 
were n t identified in decades of genetic studies and have no 
significant homology to previously identified sequences in the 
database. In addition, even in cases where ORFs have signif- 
icant homology to sequences in the database, or have known 
sequence motifs (e^, protein kinase), this is not sufficient to 
determine the actual biological role of the gene product 
Experimental analysts must be performed to thoroughly un- 
derstand the biological function of a given ORFs product. 
Model organisms, such as £ cerevisiae, will be extremely 
important in improving our understanding of other more 
complex and less manipulate organisms. 

T examine in detail the functional role of individual ORFs and 
relationships between genes at the expression level, this work 
describes the use of genome sequence information to study large 
numbers of genes efficiently and systematically. The procedure 
was as follows, (i) Software scripts scanned annotated sequence 
information from public databases for predicted ORFs. (£t) The 
start and stop position of each identified ORF was extracted 
automatically, along with the sequence data f the ORF and 200 
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bases flanking either side, (iu) These data were used to automat- 
icalry select PCR primers that would amplify the ORF. (h>) The 
primer sequences were automatically input into the automated 
multiplex oligonucleotide synthesizer (6). (v) The oligonucleo- 
tides were synthesized in 96-well format, and (vx) used in 96-weU 
format to amplify the desired ORFs from a genomic DNA 
template, (yif) The products were arrayed using a high-density 
DNA arrayer (7-10). The gene arrays can be used for bybridiza- 
tion with a variety of labeled products such as cDNA for gene 
expression analysis or genomic DNA for strain comparisons, and 
genomic mismatch scanning purified DNA for genoryping (11). 

METHODS 

Script Design. AJJ scripts were written in UNIX Tool Command 
Language. Annotated sequence mformatkm from GenBank was 
extracted into one file containing the complete mHrrfttdf se- 
quence of a single chromosome. A second file contained the 
assigned ORF name followed by the start and stop positions of that 
ORF. The actual sequence contained within the specified range, 
along with 200 bases of sequence flanking both sides, was extracted 
and input into the primer selection program primer 05 (White- 
head Institute, Boston). Primers were designed so as to allow 
amplification of entire ORFs. The selected primer sequences were 
read by the 96-well automated multiplex oligonucleotide synthe- 
sizer instrument for primer synthesis. The forward and reverse 
primers were synthesized in two separate 96-well plates in corre- 
sponding wells. All primers were synthesized on a 20-nraol scale. 

ORF Amplification and Purification. Genomic DNA was iso- 
lated as described (12) and used as template for the amplification 
reactions. Each PCR was done in a total volume of 100 ul A total 
of 0.2 uM each of forward and reverse primers were aliquoted into 
a 96-well PCR plate (Robbins Scientific Sunnyvale, CA); a master 
mix containing 0.24 mM each dNTP, 10 mM Tris (pH 8J), 50 mM 
MgCl* 15 units Taq polymerase, and 10 ng of template was ■'Mrti 
to the primers, and the entire mix was thermal cycled for 30 cycles 
as follows: 15 min at 94°Q 15 min at 54°Q and 30 mm at 72*C 
Products were ethanol precipitated in polystyrene v-bottom 96- 
well plates (Costar). All samples were dried and stored at -20"C 
Arraying Procedure and Processing. Microarrays were 
made as described (8). 

A custom built arraying robot was used to print batches of 48 
slides. The robot utilizes four printing tips which simultaneously 
pick up -1 pJ of solution from 96-weU microtiter plates. After 
priming, the microarrays were rehyd rated for 30 sec in a humid 
chamber and then snap dried for 2 sec on a hot plate (100X5. The 
DNA was then UV crosslinked to the surface by subjecting the 
slides to 60 millijoules of energy. The rest of the poly-L-rysme 
surface was blocked by a 15-min incubation in a solution of 70 mM 
succinic anhydride dissolved in a solution consisting of 315 ml of 
l-methyl-2-pyrroiidin ne (Aldrich) and 35 ml f 1 M boric acid 
(pH 8.0). Directly after the blocking reaction, the bound DNA 
was denatured by a 2-min incubation in distilled water at -95X1 

Abbreviation: YEP, yeast extract/peptone. 
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F'O- 1- Two-color fluorescent ion of a yeast microarrav cnnt„i„ 
«ng 2,479 element, (ORFs). The ttmeMo^icTdTs^ 
elements b 345 /un. A probe mixture consisting of cDNAfrom ^ 

P*? udocotor ) yean cultures wis hybridiied tolhe 
•my. Intensity per element corresponds to ORF exore^m «„5 
P*f"tecoter per element correspond xo rela^ol^^*^ 
between the two cultures. expression 

r^Spe^" """^ 8 tath * 100% ^anol at 
t« ^,? re P» r8 *> tt cDNA- Y"st cultures (100 ml) were grow,, 
to -1 ODamo and total RNA was isolated as described (lfrLte 
to 500 « total RNA was used to isolate mRNA toS'ii? 

« « "JRNA by beating the reaction to 70"C for 10 rain and 
quick chflung on icA plus 2 ^1 Superscript D (200 uni S/Xfi 
Tectaol pes, Gaithersburg, MD), 0.6 fi 50x dNTP n£ (&5 
c^tratmns were 500 /iMdATP, dCTP, dGTP, and 200 mM 
277^?•JL' I, 5x reaction buffer, and 60 uM Cv3-dUTPor 
C/5«fUIT(Ainersham). Reactions were carried ou.VJrCfo 
2 h, after which the mRNA was degraded byrte s£nMn? 
^ 5 M NaOH and 03 mJ 1 00 mM ^TA IS hea t^ t o^ C 
10 mm. The sample was then diluted to 500 uiTiti, T£ aS 
concentrated using a Microcon-30 (Amicon) to 10 xd 

Probe Preparation: Genomic DNA. FluorescenrDNA was 
prepared from total genomic DMA as follows: 1 ^ of randZ 
nonamer oligonucleotides was added to 15 ^of gSSS 

!£™ re^n mixture containing dNTPs (25 uM dATP 
^7 P ; dGTP, 10 mM dTTP, and 40 uM CyMrrr B , 
Q5-dUTP) reaction buffer (New EnglandBiolS \Z % 
units exonudease free Klenow «ytfS5Sd^Ji£ 
chemical) w« added, and the reaSwi (SStaS « 5? 
for 2 h. The sample was then dfluted to 500 id with TE and 

• WES* Purif,c4 bbeled P^be was r«ispended in 11 

fS^SE?* ^ Cheated for 2 min in boiling water 
wledrapidlyto room temperature, and applied to theairWThe 
army was placed m a sealed, humidified, b^a^tionTamber 
Hybridization was carried out for 10 h in a 62°C water bath 

A second wash was performed in 0.1 X SSC 

Analysis and Quantitation. Arrays were scanned ™ „ 
scanning laser fluorescence microscope StSlbl sTev* 
Smith with software written by NoamZiv 
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aty). A separate scan was done for eaeh nf fk. . „. 

phores used The images were^„ cS^trTn^fc 
bounding box, fined t the size of thcDNAwoa[ wunb^t 

calculated by summing the intensities of each rnxdnmeuh 

Local area background was calculated for each array eJem«n 

theboundmg box. To normalize for fiuorophore-speeffic^r? 
ation . control spots containing yeast genomic DNA were 
applied to each quadrant during the arriving process^W 

SSSZV""*?* and fc ratios "J^SSmS 

determined. These ratios were then used to normalize die 

of Trf^ ° f tte 8cn0nuc DNA S P°» "«e close to a value 
of 1.0. The average signal intensity at any given sWwat 

Lte "iSfS! « " Pcnmcnt ** conducted in dupU- 

£rtn S ^ f,uoro P h °res representing each channel Ve^ 
versed. The rat.os presented here are the average of the tZ> 
experiments, except in the case in which the sign* For to 
element in question was below the reliabflitv th^H Tv. 

22£S ,h 3f a ;» de «^2nSg1 

experiment For all of the experiments presented, the averaie 

cence from a very bright spot saturates the detector differ* 
emial ratios will, m general, be underestimated l£ am 
compensated for by scanning at a lower overaU semSiSJ 

RESULTS 

i£ns nrt^S?" ° f SeqUentt ^"^tion from model organ- 
sl^dSl T*™ 0 " "Pp 0 ^^ ^ challenge to undert 

eenes T a A? k^' 0 ? of ^P^^unchanJeS 
genes. To do mis accurately and efficiently, a directed strateav 
was developed that enables the monitoring of inuSle eenS 

£2.^1™" 66 attachcd 10 8 surface in a highntaiS 

of -6 100 ? GTK P that ^ y" 51 8">on,e consists 

a s^iX^de* een ^ Mt0fyW,8CTMM ^^ ttedon "> 
With this capability and the availability of the entire se- 
quence of the yeast genome, our strategy was to use a dirSrted 
approach for generating the complete genom^v^S 
procedure ,„vo Ived synthesizing a ? pair^f SfgSeoSe 
primers to amplify each ORF. The PCR produa contain n! 
each gene of interest was arrayed onto 
example, as probe for monitoring gene «prcssio n X £! 

521 5 >~ " g L OWn Undcr "V experimental condition 
Primer Selection and Synthesis. The primer selection was tX 

srsE h3 ^ ri °i Cornmand ^ -ptsa^MS; 

ItX n I r^SL . P 3 " 5 werc automatically selected suc- 

be selected rapidly with minimal manual processU A comntete 
setofforwardand reverse primers were sAcsedhSiSSS 
ORF on chromosomes I. U, in, V. VI VIII K y °7v? 
Primers for a representative 'set of 6r2s SveLe) wS 
chosen for the remaining chromosomes. With YhTSeS ofS! 

a SjpSM'S^^ 

soer (6) which efficiently synthesizes primers in a 96^ell foW 
Each pnmer, synthesized on a 20-nmol scale. rawWes InZ-h 
^LL 1 ^ -Potion reactio^'SnK'^pS 
produa provides en ugh material to generate an etarientim 
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Tabic 1. Heal s hock vs. control "p-i i iim data 

Ratio of 
ynfc cipimioo 



Control 



23 



10) 
1.1 
1.9 

26 

33 
33 
3.9 



3.6 

25 
26 
26 
27 
28 
28 
28 
28 



Hot 

22 
10 

364 
27.4 
6.7 
3.4 
16 
15 
11 
1.7 
1.4 
1.4 



14 

11 

13 



3.1 
3.3 



5.8 



ORF 

YLR142 
YOL140 
YGU48 
YFL014 
YBR072 
YBRQ54 
YCR021 
YER1Q3 
YLR259 
YBR169 
YBL075 
YPL240 
YDJU58 
YNL007 
YEL030 
YHR064 
YBL008 
YBL002 
YBL0Q3 
YBR010 
YBR009 
YDR343 
YHRW2 
YAR071 
YLR096 
YER102 
YBR181 
YCR031 
YLR441 
YHR141 
YBL072 
YHL015 
YBR191 
YLR340 
YGL123 
YLR194 



Gene 

PUT1 
ARG8 
AR02 
HSP12 
HSP26 
YR02 
HSP30 
SSA4 
HSP60 
SSE2 
SSA3 
HSP82 
HSP78 
SZS1 



HIR1 
HTB2 
HTA2 
HHT1 
HHF1 
HXT6 
HXT4 
PHOll 
KIN2 
RPS8B 
RPS101 
CRY1 
RP10A 
RPL41B 
RPSfiA 
URP2 
URP1 
RPLAO 
SUP44 
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Description 

Proline "^ itf 

Accrytoroithine aminotransferase 
Chorismate synthase 
Heat shock protein 
Heat shock protein 

Similarity to HSP30 heat shock protein Yrob 
Heat shock protein 
Heat shock protein 

Mitochondrial heat shock protein HSP60 
Heat shock protein of the HSP70 family 
Cytoplasmic heat shock protein 
Heat shock protein 

ESSS *** Pr0teiD * ATP^cpcadcn, pro*** 

70-kDa heat shock protein 

Heat shock protein 

Histone transcription regulator 

Histone H2&2 

Histone H2A2 

Histone H3 

Histone H4 

High-af6nity hexose transporter 

Moderate- to low-affinity glucose transporter 

Secreted acid phosphatase, 56 kDa isozyme 

5er/Thr protein kinase 

Ribosomal protein S8.e 

Ribosomal protein S6.e 

40S ribosomal protein S14.e 

Ribosomal protein S3.ax 
RibosomaJ protein L36a~e 
Ribosomal protein S8.e 
RibosomaJ protein 
Ribosomal protein L21.c 
Acidic Ribosomal protein L10.e 
Ribosomal protein 
Hypothetical protein 



500-1,000 arrays. Thus, a single primer pair provides enouth 
starting materia] for up to -5O000 arrays. & 

JSSff h ^ r ! ****** 10 r «»Plify yeast ORFs. Primer 
synthesB had a failure rate of <1% m over 18 plates of 
synthesis as determined by standard trityl *n*fysis (6)l£l 

was 94% based on agarose ge! analysis of each PCR Th- 
punfied PCR products were\sed generate a™ ^ 
versi ns of the arrays were created for the wrjerimc^afresX 
presented here. T^e first array contamed^,S«S 
the second array batch contained 2,479 elements. 

at f^j^E ™ e ""Vj®* ORFs w« arrayed onto glass 
« a spacing of 345 microns (Rg. 1). The Wgh^ensfty spaciSof 
^V^ 5 the hybridization ^fomeTi 

nuzed— volumes are a maximum of 10 ul The lahrl^H ^Jr^ 
thus be relate high c^^ ™ 

fig of mRNA sufficient for analysis. This also cfcvfetesidhe imLh 
for a subsequent amplifica and ESS 
atenng «he relative ratios of different cDNA specS nftht 

Genetic Analysis: Genomic Comparison of Unrelated Strains. 
Muroarrays altow efficient comparison of the genomes o7d^ 

DNA^e^^S^SIC^^^ ^ thC S288c 
t , ... . '-yxiLri r. When a comparison between th» 

hybnduauonof the DNA from the two strains ^d o^eS 



elements gave relatively little or no signal above badceround from 

tNA2) and YCR105. These results imply that the 

£Tn?cS [^■s-* 11 fe •--CSS 

wast two of the regions absent in the Y55 eenome have 

SSTrS^i" ,0 bcddeted ' * = 

strains (14-16). In particular, the Asp-3 region amcanlatl 
higMy prone to being deleted (15, 16) PP ^ 10 te 

scree^irS,^ 16 T « cnc ^ be used toefffcientry 
screen different strains of an organism for lane ddMiJT,l£Z 

based on differential hybridization to paruculareJenra^hk 

SS^^T" *" 1 ^^^^nes « 
present in the Y55 genome and absent in the S2RRr o^L,. tv- 
result should be viewed as a J^S^JESZi 

d«S 11 m in,ra 8 cnic deletions would «m be 

detected because considerable hybridizing materialwould 

K^™ 1 "*™ ^^^^anTp^eS 
m populations of every species and must at some levelSSt 
Phenotype. One f the chSenges of thegenonT ra^J b^ to 
cnuoDy examme sequence polymorphilnsXt «to m «S 
natural gene pool relative, the ref rer« genon^^uen^e. 
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Amino arid unthrsis 



Glwm-r rnrtihali<zn 



CTPfaindinj; 



Hirtidmr lysinr Undue 



Mrtnrtiundria! numl rnznrr rorLibofam porr Onrortxm ftirinr syrtfrrve. 



FrtftrinKioaw 
fNrlrradinf 

ffnthrws, OMArrpar 



Riboiomal pr o t e i n 



Sporublion Srpl/Tipl SnfSrtT rfT ' rfr 
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Gene Expre ssion Analysis. The arrays were used to examine 
gene expression in yeast grown under a variety of different 
conditions. Expression analysis is an ideal application of these 
arrays because a single hybridization provides quantitative expres- 

Table 2. Cold shock vs. control expression data 

Ratio of 
gene expression 



Fig. 2. ORF categories displaying dif- 
ferential expression between heat shocked 
and untreated cultures. Bars within cate- 
gories correspond to individual ORFs. 
Green shaded bars correspond to relative 
increases in ORF expression under 2fC 
growth conditions. Red shaded bars cor- 
respond to relative increases in ORF ex. 
pression under 39*C growth conditions. 

sion data for thousands of genes. To better understand results for 
genes of known function, ORFs were placed in biologically rele- 
vant categories on the basis of function (eg. amino acid catabolic 
genes) and/or pathways (e.g. the histidine biosynthesis pathway) 



Control Cold 


ORF 


Gene 


" 55 


YOR153 


PDR5 


2.4 


YCR012 


FGKl 


2.9 


YCL040 


GUC1 


1.4 


YHR064 




2.0 


YJL034 


KAR2 


Zl 


YDR258 


HSP78 


22 


YLL039 


UB14 


2.1 


YLLQ26 


HSP104 


3.1 


YER103 


SSA4 


3.3 


YBR126 


TPS1 


3.8 


YFL240 


HSPS2 


7.9 


YBRQ54 


YR02 


7.9 


YBR072 


HSP26 


16\5 


YCR021 


HSP30 


lJ 


YDR343 


HXT6 


2.1 


YHR096 


HXT5 


2.4 


YFR053 


HXK1 


2A 


YHR092 


HXT4 


3.4 


YHR094 


HXT1 


23 


YHR0S9 


GAR1 


1.7 


YLR048 


NAB1B 


1.7 


YLR441 


RP10A 


1.7 


YLL045 


RPL4B 


1.6 


YLR029 


RPU3A 


U 


YGL123 


SUP44 


3.1 


YBR067 


TIP1 


12 


YER011 


TIR1 


2S) 


YCR058 


42 


YKLHE 





Descrip tion 

Plciotropic drug resistance protein 
PhosphogJycerate kinase 
Aldohexose specific glucokinase 
Heat shock protein 
Nuclear fusion protein 

SfiZtr Pr ° ,ein °' ^ fami ' y ° f A ™*P- « pro, e .„ 

Heat shock protein 
Heat shock protein 

a, a-Trchalosc-phosphate synthase (UDP-forminE) 
Heat shock protein 

Similarity to HSP30 heat shock protein Yrolp 

Heat shock protein 

Heat shock protein 

High-affinity hexose transporter 

Putative hexose transporter 

Hexokinase I 

Moderate- to low-affmity glucose transporter 
Low-affinity hexose (glucose) transporter 
Nucleolar rRNA processing protein 
40S ribosomal protein p40 homolog b 
Ribosomal protein S3a.c 
Ribosomal protein L7a.e.B 
Ribosomal protein U5.c 
Ribosomal protein 

Cold- and heat-shock-induced protein of the Srpl/Tiplp family 
Cold^hock-induced protein of the Tirlp, Tiplp family 
Hypothetical protein 
Hypothetical protein 



Genetics: Lashkari et aL 
Table 3. Glocose is. galactoit iipi cation data 



Proc NatL Acad. Set USA 94 (1997) 13061 



Ratio of 



Gli 



Galactoae 
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Description 



Zl 
15 
18 
10 
3.7 



X2 
19 
17 
15 
5-5 
3.4 
13 

3.5 
17 
16 
14 
13 
23.7 
21.9 
21* 
19J 
14.7 
8.6 
3 J) 
18 
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5* 
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ARG4 
GLN1 
ATR1 
ADH2 
ADH5 
AAC2 
AAC3 
ATP5 
ATP3 
CYB2 
CYB2 
MCR1 
COR1 
COX9 
COX12 
COX6 
COX8 
OGR6 
GAL2 
GAL7 
GAL1 
GAL10 
GAU 
GAL3 
GAL80(1) 
GAL80(2) 
HIS1 
HIS7 

HZS4 
MTD1 
GCV1 
SHM2 
PH084 
ADE8 
ADE8 
ADE1 
ADE4 
ADE2 
ADE5,7 
ACH1 



Arginosaccinate lyase 
Gluumaie-aminonia ligase 
Aminotriazole and 4-nitroquinoiine resistance protein 
Alcohol dehydrogenase II 
Alcohol dehydrogenase V 
ADP, ATP carrier protein 2 
ADP, ATP carrier protein 
H^-transportmg ATP synthase £ chain precursor 
H* -transporting ATP synthase y chain precursor 
Lactate dehydrogenase cytochrome b2 
Lactate dehydrogenase cytochrome 62 
Cytochrome-M reductase 

Ubkjuinol-cytochrome c reductase 44K core protein 
Cytochrome c oxidase chain VIIA 
Cytochrome c oxidase, subunit VIB 
Cytochrome c oxidase subunit VI 
Cytochrome c oxidase chain VIII 
Ubiquinol-eytochrome e reductase 17K protein 
Galactose (and glucose) permease 

UDP-glucose-hexose-l-phosphate uridyiyltransferase 

Galactokinase 

UDP-glucose 4-cpimeme 

Galactose (and glucose) permease 

Galactokinase 

Negative regulator for expression of galactose-induced genes 
Negative regulator for expression of galactose-induced genes 
ATP phospboribosyltransferasc 
Glutamine amidotransferase/cydase 

^S^K™ ^ oh y drolTO /P h ^ h °ribosyl.ATP pyrophosph.tase/histidino! 

Methylcnetetrahydrofolate dehydrogenase (NAD+) 
Glycine decarboxylase T subunit 
Serine hydroxymethyl transferase 
High-affinity inorganic phosphate/H* symporter 
Phospboribosylglycinamide formyltransferase (GART) 
Phoaphorfoosylgfydnamide formyltransferase (GART) 
PhosphonlKwylamidoimidazolc-succinocarboxamidc synthase 
Amidophosphonbosyltransferasc 
PhosphonDosylaminoimidazole carboxylase 

^^^^j^* 1 ^ 81 Hg»*e ™* phosphoribosylfonnylglycinamidinc cydo-Ugaae 



Heat Shock Results. A log phase culture growing in YEP/ 
dextrose medium at 25*C was spiit in half. One half of the 
culture remained at 25*C whereas the other half of the culture 
was shifted to 39*C mRNA was isolated from both cultures 1 h 
after heat shock for comparison on roicroarrays and, although 
this time point is not optimal for measuring induction of heat 
shock mRNAs (17), many known heat shock genes exhibited 
considerable induction at this time point (Table 1; Fig. 2). 
Down-regulation of genes in the ribosomal protein and histone 
gene categories was also observed. Differentia] expression 
between the heat-shocked culture and the control was also 
observed f r many other genes. Genes in many categories, such 
as amino acid catabolism and amino add synthesis, exhibited 
a mixed response with some genes showing little or no 
differential expression and ther genes showing a significant 
increase or decrease in gene expression in response t heat 
shock (Table 1; Fig. 2). 

Cold Shock Results. A log phase culture growing in YEP/ 
dextrose medium at 37*C was split in half. One half of the 
cultur remained at 37*C while the oth rhalf f the culture was 
shifted to 18°C mRNA was isolated from both cultures 1 b 
after cold shock for comparison on microarrays. As expected, 



two known cold shock genes (TIPl t TIR1) were expressed at 
a significantly higher level in the cold-shocked culture. Genes 
in other functional categories, such as glucose metabolism and 
heat shock displayed a mixed response with expression of some 
genes being unaffected and other genes exhibiting significant 
up- or down-regulation in response to cold shock (Table 2) 

Steady-State Galactose vs. Glucose Results. mRNA was 
isolated from steady-state log phase YEP galactose and YEP 
glucose grown cultures for comparison on the microarrays. As 
expected, the GAL genes were expressed at a much higher 
level in the galactose culture. Many genes were differentially 
expressed in these cultures that were not a priori expected to 
exhibit differential expressi n. For example, some genes in the 
ammo acid catab He categ ry were up-regulated in the galac- 
t se culture whereas genes in the one-carbon metabolism and 
purine categories were largely or entirely down-regulated in 
thegalact se culture (Table 3). Genes in ther categ ries,such 
as amin acid synthesis, abc transporter, cytochrome c, and 
cytochrome 6, exhibited mixed responses; some genes in a 
categ ry sh wed little or no obvious differential expression 
whereas ther genes in the same category showed significant 
differential expression in the galactose and glucose cultures. 
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DISCUSSION 
The resuhs of tbese experiments show that many genes are 
. ^ferentu^ expressed under the three em^ealalcorxt 
torn described here. The expected and predicted changes meene 
expression, such as HSP12 in the heat-shocked cuhnre, TIM in 
therald^hockedaihHre, and GAL2 in the steady^te galactose 
ailture, were observed in every case. However, in addition to the 
apected changes m gate expression, significant differential 
opresswn wasalso observed for many other genes that would 
not, a pnon, be expected to be differentiaDy Expressed fW 
example, expression of PHOll decreased and enms^n 

tEP t 6088 ^ M ^STo} 

PDR5 and GAR1 increased m the cold-shocked culture. In 
addition, ADE4 and SER2 were expressedT^ucedtevek 
^ereasFHOg* and ACH1 were e^^a^^st 
cefls grown m galactose cornpared with cells grown in ehicose. 
Differentia) expression of tbese and many other geiieswassjecific 
to one of tbese three environmental conditions. r-~~ 
Many other genes were found to be differentially expressed 
under more than one condition. When differentially expressed 
genes m cold- and heat-shocked cultures were compared^) 
genes were fou nd m common. Of these 30 genes, 28 showed 
«n«n»expression fix, increased expression under one condition 
YcSS^Sff!^ , the 0ther «™«»on). Two genes, 
hS^i^t^ 02, i^Jl ev,ted expression in response to 
bodi cold and beat shock. Fifteen genes were found to be 
dtferentoaDy expressed in both the heat-shocked and sSySta^ 
: «hur« 9 genes showed increased expreKS? 
snowed decreased expression under both conditions. Twenrv 
genes were differentially expressed in both the cold-shocked and 
steady-state galactose cultures: 8 genes showed decreasedlxp^ 
swnand 15 genes showed increased expression under both co* 
d uons. Six genes showed increased expression in the galactose 
culture and decreased expression in the cold shocked Icuhure. 

cold-shocked and steady-state galactose cultures. 
m( 2^ C °^ sion '* "fff 1 " 1 » » global fashion when environ- 
mental conditions are changed and both expected and imu. 
peoed genes are affected. There is also overSnVu* SesX 

SndiST^ ^ JSCS 

condmons. These results can be rationalized by considerinrthe 
h# degree of ^pathway regulation in yeasT^ex^pTe, 
there a evidence for cross-pathway regulation between (i\ nJlZ 

STrffi^iSLf" 11 * P h ° Sphale ' Md anuno acid metabo- 

^iMJ^* m - e ^ t>ples <* ** "teractioTof 
general and specific transcription factors (25, 26). Finally withS 

f^aS^^r^^^^^eneTme^wS 

JeneS^nS^ ° fsome regulation^ 

gMM»alcontrol for other genes, and regulation via both specific 
and general control for other genes (22, 27-30) U,S P CCU,C 
Cross-pathway regulation arises from the complex structure 

transcription factors and, therefore, virtually all genes are 
subject to combinatorial regulation. For example, the HIS4 
promoter contains binding sites for GCN4 (the sWeral ami™, 
acid control transcription factor), lW02/aIs2(. utS 

genes), and BASl (a transcnpuonal regulator of purine bio. 
synthenc genes) (31). It is like* that the comp^Ks £ 
gene expression described in this work are a direct c ° 
qU ^r f 3 eCT ^ b ™ ,r L a,regu,alionof 8ene x^lo^ 
These fmdmgsiDustrate the power of the hig% parallel whole 

effects tfenvurmmental change on gene expression can now be 
ouecUy vBualoed. It is clear that deternunm?tbe mecKtoS, 
and the functional role of the dramatic fJe&K£e?2S 



Pnc Nad Acad. So. USA 94 (1997) 

K° 1^^' ^^^^ wffl be a significant coal- 
r2£JSlf^ gaxmte nZS^aDow 

view of gene expression and instead view thet^iW!rrt»Z. 
cc^l« network of gene regulatory pathw^T ^ 
With die entire sequence of this model orgmism known, new 
approaches have been developed Qml^h^^'^ 
analyses (32, 33) of gene fuSnxTnT^i^™ 5 ^ 

The genome arrays provide for a robust fuUv autom.r^ 
approach toward examining genome sSJand JSC 
uon. They aUow for comparisons between differ" Iun * 
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Exploring the Metabolic and Genetic Control of 
Gene Expression on a Genomic Scale 

Joseph L DeRisi, Vishwanath R. Iyer. Patrick O. Brown- 
DMA microarrays containing virtually every gene of Saccharomyces cerevisiae were used 
t cany ut a comprehensrve investigation of the temporal program o7 Qene ex^s^J 
accompanying the metabolic shift from fermentation to res|iratio? CSSSSion 
profiles observed for genes with known metabolic functions pointed I to faatuSTS? 
™*b°«creprog^ 

same DNA microarrays were also used to identify genes whose expression w« *«L+% 
by deletion of the transcriptional cc-repressor TUP1 n MrZx£«TS « ^ 
tiona. actrvator YAPU These results *Z^i£Z3^jff£tt 
proach to genomewide exploration of gene expression pattern^ ^ 8 



The complete sequences of nearly a dozen 
microbial genomes are known, and in the 
next several years we expect to know the 
complete genome sequences of several 
metazoans, including the human genome. 
Defining the role of each gene in these 
genomes will be a formidable task, and un- 
derstanding how the genome functions as a 
whole in the complex natural history of a 
living organism presents an even greater 
challenge. 

Knowing when and where a gene is 
expressed ften provides a strong clue as to 
its biological role. Conversely, the pattern 
f genes expressed in a cell can provide 
detailed information about its state. Al- 
though regulation of protein abundance in 
a cell is by no means accomplished solely 
by regulation of mRNA, virtually all dif. 
ferences in cell type or state are correlated 
with changes in the mRNA levels of many 
genes. This is fortuitous because the only 
specific reagent required to measure the 
abundance f the mRNA for a specific 
gene is a cDNA sequence. DNA microar- 
rays, consisting of thousands of individual 
gene sequences printed in a high-density 
array n a glass microscope slide (1, 2), 
provide a practical and economical tool 
f r studying gene expression on a verv 
large scale (3-6). 7 
Saccharomyces cerevisiae is an especially 
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favorable organism in which to conduct a 
systematic investigation of gene expression. 
The genes are easy to recognize in the ge- 
nome sequence, cis regulatory elements are 
generally compact and close to the tran- 
scription units, much is already known 
about its genetic regulatory mechanisms, 
and a powerful set of tools is available for its 
analysis. 

A recurring cycle in the natural history 
of yeast involves a shift from anaerobic 
(fermentation) to aerobic (respiration) me- 
tabolism. Inoculation of yeast into a medi- 
um rich in sugar is followed by rapid growth 
fueled by fermentation, with the production 
of ethanol. When the fermentable sugar is 
exhausted, the yeast cells turn to ethanol as 
a carbon source for aerobic growth. This 
switch from anaerobic growth to aerobic 
respiration upon depletion of glucose, re- 
ferred to as the diauxic shift, is correlated 
with widespread changes in the expression 
of genes involved in fundamental cellular 
processes such as carbon metabolism, pro- 
tein synthesis, and carbohydrate storage 
(7). We used DNA microarrays to charac- 
terize the changes in gene expression that 
take place during this process for nearly the 
entire genome, and to investigate the ge- 
netic circuitry that regulates and executes 
this program. 

Yeast open reading frames (ORFs) were 

fnr^D V Cd P 01 *™^ chain reaction 

(PCR), with a commercially available set of 
primer pain (8). DNA microarrays, con- 
taming approximately 6400 distinct DNA 
sequences, were printed onto glass slides by 
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using a simple robotic printing device (9). 
Cells from an exponentially growing culture 
of yeast were inoculated into fresh medium 

- at 30#C foT 21 ho *«. After an 

initial 9 hours of growth, samples were har- 
vested at seven successive 2-hour intervals, 
and mRNA was isolated (10). Huorescently 
labeled cDN A was prepared by reverse tran- 
senpuon in the presence of Cy3(green)- 
°l C^^beled deoxyuridine tSphos- 
phate (dUT?) (1 J) and then hybridized to 
tnemscrc*rrays (12). To maximize the re- 
labihry with which changes in expression 
levels could be discerned, we labeled cDNA 
prepared from cells at each successive time 
point with Cy5, then mixed it with a Cy3- 
labeled -reference- cDNA sample prepared 
from cells harvested at the first interval 
after inoculation. In this experimental de- 
sign, the relative fluorescence intensity 
measured for the Cy3 and Cy5 floors at 
each array element provides a reliable mea- 
sure of the relative abundance of the corre- 
sponding mRNA in the two cell popula- 
tions (Fig. 1). Data from the series of seven 

2?X!? (Rg * 2)t consistin S of more than 
43 ,000 expression-ratio measurements, 
were organized into a database to facilitate 
efficient exploration and analysis of the 
results. This database is publicly available 
on the Internet (13). 

During exponential growth in glucose, 
rich medium, the global pattern of gene 
expression was remarkably stable. Indeed, 
when gene expression patterns between the 
first two cell samples (harvested at a 2-hour 
interval) were compared, mRNA levels dif- 
fered by a factor of 2 or more for only 19 
genes (0 J%). and the largest of these dif. 
ferences was only 2.7-fold (14). However, as 
glucose was progressively depleted from the 
growth media during the course of the ex- 
periment, a marked change was seen in the 
global pattern of gene expression. mRNA 
levels for approximately 710 genes were 
induced by a factor of at least 2, and the 
mRNA levels for approximately 1030 genes 
declined by a factor of at least 2. Messenger 
RNA levels for 183 genes increased by 8 
factor of at least 4, and mRNA levels for 
203 genes diminished by a factor of at least 
4. About half of these differentially ex- 
pressed genes have no currently recognized 
functi n and are not yet named. Indeed, 
more than 400 of the differentially ex- 
pressed genes have no apparent homology 
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to any gene whose function is known (15). 
The responses of these previously unchar- 
acterized genes to the diauxic shift therefore 
provides die first small clue to their possible 
roles. 

The global view of changes in expres- 
sion of genes with known functions pro- 
vides a vivid picture of the way in which 
the cell adapts to a changing environ- 
ment. Figure 3 shows a portion of the yeast 
metabolic pathways involved in carbon 
and energy metabolism. Mapping the 
changes we observed in the mRNAs en- 
coding each eroyme onto this framework 
all wed us to infer the redirection in the 
fl w of metabolites through this system. 
We bserved large inductions of the genes 
coding for the enzymes aldehyde dehydro- 
genase (ALD2) and acetyl-coenzyme 
A(CoA) synthase (ACSl) t which func- 
tion t gether to convert the products of 
ale hoi dehydrogenase into acetyl-CoA, 
which in turn is used to fuel the tricarbox- 
ylic acid (TCA) cycle and the glyoxylate 
cycle. The concomitant shutdown of tran- 
scription of the genes encoding pyruvate 
decarboxylase and induction of pyruvate 
carboxylase rechannels pyruvate away 
from acetaldehyde, and instead to oxalac- 
etate, where it can serve to supply the 
TCA cycle and gluconeogenesis. Induc- 
tion of the pivotal genes PCKJ, encoding 
phosphoenolpynivate carboxykinase, and 
FBP], encoding fructose 1,6-biphos- 
phatase, switches the directions of two key 
irreversible steps in glycolysis, reversing 
the flow of metabolites along the revers- 
ible steps of the glycolytic pathway toward 
the essential biosynthetic precursor, glu- 
cose-6-phosphate. Induction of the genes 
coding for the trehalose synthase and gly- 
cogen synthase complexes promotes chan- 
neling of glucose-6-phosphate into these 
carbohydrate storage pathways. 

Just as the changes in expression of 
genes encoding pivotal enzymes can pro- 
vide insight into metabolic reprogram- 
ming, the behavior of large groups of func- 
tionally related genes can provide a broad 
view f the systematic way in which the 
yeast cell adapts to a changing environ- 
ment (Fig. 4). Several classes of genes, 
such as cytochrome c-related genes and 
th se involved in the TCA/glyoxylate cy- 
cle and carbohydrate storage, were coordi- 
nately induced by glucose exhaustion. In 
contrast, genes devoted to protein synthe- 
sis, including ribosomal proteins, tRNA 
synthetases, and translati n, el ngati n, 
and initiati n factors, exhibited a coordi- 
nated decrease in expression. More than 
95% of ribosomal genes sh wed at least 
twofold decreases in expression during the 
diauxic shift (Fig. 4) (13). A noteworthy 
and illuminating exception was that the 



genes encoding mitochondrial ribosomal 
genes were generally induced rather than 
repressed after glucose limitati n, high- 
lighting the requirement for mitch ndrial 
bi genesis (13). As more is learned about 
the functions of every gene in the yeast 
genome, the ability to gain insight into a 
cell s response to a changing environment 
through its global gene expression patterns 
will become increasingly powerful. 

Several distinct temporal patterns of ex- 
pression could be recognized, and sets of 
genes could be grouped on the basis of the 
sinulanties in their expression patterns. The 
characterized members of each of these 
groups also shared important similarities in 
their functions. Moreover, in most cases, 
common regulatory mechanisms could be 
inferred for sets of genes with similar expres- 
sion profiles. For example, seven genes 
showed a late induction profile, with mRNA 
levels increasing by more than ninefold at 



J* l«t nmepoint but less than threefold at 
me preceding nraepoint (Fig. SB). All of 
xhex genes were known to be ghnose-ce- 
P«sed. and five of the seven were previously 
noted to share a common upmwn aethrat 
ing sequence (IMS), the carbon source re- 
sponse element (CSRE) (16-20). A search 
«n the promoter regions of the rernainm* two 
genes, ACRl and IDP2, revealed that 
AUU, a gene essential for ACSJ activity 
also possessed a consensus CSRE motif, but 
interestingly, TDP2 did not. A search of die 
entire yeast genome sequence for the con- 
sensus CSRE motif revealed only tour addi- 
tional candidate genes, none of which 
snowed a similar induction. 

Examples from additional groups of 
genes that shared expression profiles are 
illustrated in Fig. 5, C through F. The 
sequences upstream of the named genes in 
rig. all contain stress response ele- 
ments (STRE), and with the exception 




the microarray is 18 mm by 18 mm. The 
scanrung wnfocaT^ obta,ned with the same fluorescent 

signal, and hybridization of o£wt£2S£E^^ 
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of HSP42, have previously been shown to 
be controlled at least in pan by these 
elements (21-24). Inspection of the se- 
quences upstream of HSP42 and the two 
uncharacterixed genes shown in Fig. 5C t 
YKL026c, a hypothetical protein with 
similarity to glutathione peroxidase, and 
YGR043c, a putative transaldolase, re- 
vealed that each of these genes also pos- 
sess repeated upstream copies of the stress- 
responsive COCCT motif. Of the 13 ad- 
ditional genes in the yeast genome that 
shared this expression profile {including 
HSP30, ALD2, OM45, and 10 uncharac- 
terixed ORFs (25)], nine contained one or 
more recognizable STRE sites in their up- 
stream regions. 

The heterotrimeric transcriptional acti- 
vator complex HAP2 f 3,4 has been shown 
to be responsible for induction of several 
genes important for respiration (26-28). 
This complex binds a degenerate consensus 
sequence known as the CCAAT box (26). 
Computer analysis, using the consensus se- 
quence TNRYTGGB (29), has suggested 
that a large number of genes involved in 
respiration may be specific targets of 
HAP2,3 f 4 (30). Indeed, a putative 
HAP2,3,4 binding site could be found in 
the sequences upstream of each of the seven 
cytochrome c-related genes that showed 
the greatest magnitude of induction (Fig. 
5 D). Of 12 additional cytochrome c-related 
genes that were induced, HAP2 f 3 t 4 binding 
sites were present in all but one. Signifi- 
cantly, we found that transcription of 
HAP4 itself was induced nearly ninefold 
concomitant with the diauxic shift. 

Control of ribosomal protein biogenesis 
is mainly exerted at the transcriptional 
level, through the presence of a common 
upstream-activating element (UAS^) 
that is recognized by the Rapl DNA-bind- 
ing protein (31, 32). The expression pro- 
files f seven ribosomal proteins are shown 
in Fig. 5F. A search of the sequences 
upstream of all seven genes revealed con- 
sensus Rapl -binding motifs (33). It has 
been suggested that declining Rapl levels 
in the cell during starvation may be re- 
sponsible for the decline in ribosomal pro- 
tein gene expression (34). Indeed, we ob- 
served that the abundance of RAP I 
mRNA diminished by 4.4-fold, at about 
the time of glucose exhaustion. 

Of die 149 genes that encode known or 
putative transcription factors, only two, 
HAP4 and S1P4, were induced by a factor of 
more than threef Id at the diauxic shift. 
SIP4 encodes a DNA-binding transcrip- 
tional activator that has been shown to 
interact with Snfl, the "master regulator" of 
glucose repression (35). The eightfold in- 
duction of SIP4 upon depletion of glucose 
strongly suggests a role in the induction of 



downstream genes at the diauxic shift. 

Although most of the transcriptional 
responses that we observed were not pre- 
vi usly known, the responses of many 
genes during the diauxic shift have been 
described. Comparison of the results we 
obtained by DNA microarray hybridiza- 
tion with previously reported results there- 
fore provided a strong test of the sensitiv- 
ity and accuracy of this approach. Trie 
expression patterns we observed for previ- 
ously characterized genes showed almost 
perfect concordance with previously pub- 
lished results (36). Moreover, the differ- 
ential expression measurements obtained 
by DNA microarray hybridization were re- 
producible in duplicate experiments. For 
example, the remarkable changes in gene 
expression between celb harvested imme- 
diately after inoculation and immediately 
after the diauxic shift (the first and sixth 
intervals in this time series) were mea- 
sured in duplicate, independent DNA mi- 
croarray hybridizations. The correlation 
coefficient for two complete sets of expres- 
sion ratio measurements was 0.87, and for 
more than 95% of the genes, the expres- 



sion ratios measured in these duplicate 
experiments differed by less than a factor 
of 2. However, in a few cases, there were 
discrepancies between our results and pre- 
vious results, pointing to technical limita- 
tions that will need to be addressed as 
DNA microarray technology advances 
(37, 38). Despite the noted exceptions, 
the high concordance between the results 
we obtained in these experiments and 
those of previous studies provides confi- 
dence in the reliability and thoroughness 
of the survey. 

The changes in gene expression during 
this diauxic shift are complex and involve 
integration of many kinds of information 
about the nutritional and metabolic state 
of the cell. The large number of genes 
whose expression is altered and the diver- 
sity of temporal expression profiles ob- 
served in this experiment highlight the 
challenge of understanding the underlying 
regulatory mechanisms. One approach to 
defining the contributions of individual 
regulatory genes to a complex program of 
this kind is to use DNA microanays to 
identify genes whose expression is affected 



Rg. 2. The section of the ar- 
ray indicated by the gray box 
in Rg. 1 is shown for- each of 
the experiments described 
here. Representative genes 
are labeled. In each of the ar- 
rays used to analyze gene 
expression during the diauxic 
shift red spots represent 
genes that were induced rel- 
ative to the initial ttmepoint, 
and green spots represent 
genes that were repressed 
relative to the initial timepoint. 
In the arrays used to analyze 
the effects of the fupJA mu- 
tation and YAP1 overexpres- 
sion. red spots represent 
genes whose expression was 
increased, and green spots 
represent genes whose ex- 
pression was decreased by 
the genetic modification. Note 
that distinct sets of genes are 
induced and repressed in the 
different experiments. The 
complete images of each of 
these arrays can be viewed on 
the Internet (73). Cell density 
as measured by optical densi- 
ty (OD) at 600 nm was used to 
measure the growth of the 
culture. 
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by mutations in each putative regulatory 
gene. As a test of this strategy, we analyzed 
the g eno m e w ide changes in gene expression 
that result from deletion of the TUPl gene. 
Transcriptional repression of many genes by 
glucose requires the DNA-binding repressor 



Migl and is mediated by recruiting the tran- 
scriptional co- repressors Tupl and Cycfl/ 
Ssn6 (39). Tupl has also been implicated in 
repression of oxygen-regulated, mating-cype- 
specific, and DNA-damage-inducible genes 
(40). 
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Wild-type yeast cells and celb bearinc 
a deletion f the TUP J gene (tupl A) were 
grown in parallel cultures in rich medium 
containing glucose as the carbon source. 
Messenger RNA was isolated from expo- 
nentially growing cells from the two pop- 
ulations and used to prepare cDNA la* 
beled with Cy3 (green) and Cy5 (red), 
respectively (11). The labeled probes were 
mixed and simultaneously hybridized to 
the microarray. Red spots on the microar* 
ray therefore represented genes whose 
transcription was induced in the tup I A 
strain, and thus presumably repressed by 
Tupl (41). A representative section of the 
microarray (Fig. 2, bottom middle panel) 
illustrates that the genes whose expression 
was affected by the tup J A mutation, were, 
in general, distinct from those induced 
upon glucose exhaustion [complete images 
of all the arrays shown in Fig. 2 are avail- 

S 1 /^^ 1 ? 16 ™ 1 (i3)1 ' Ncv *rtheless, 
jW (10%) of the genes that were induced 

by a factor of at least 2 after the diauxic 
shift were similarly induced by deletion of 
TUP J , suggesting that these genes may be 
subject to TUP J -mediated repression by 
glucose. For example, SUC2 t the gene en- 
coding invertase, and all five hexosc trans- 
porter genes that were induced during the 
course of the diauxic shift were similarly 
induced, in duplicate experiments, by the 
deletion of TUPL 

The set of genes affected by Tupl in this 
experiment also included a-glucosidases, 
the rnating-type-specific genes MFAJ and 
MFA2, and the DNA damage-indudMe 
RNR2 and RNR4, as well as genes involved 
in flocculation and many genes of unknown 
function. The hybridization signal corre- 
sponding to expression of TUP I itself was 
also severely reduced because of the (in- 
complete) deletion of the transcription unit 
in the tupl A strain, providing a positive 
control in the experiment (42). 

Many of the transcriptional targets of 
Tupl fell into sets of genes with related 
biochemical functions. For instance, al- 
though only about 3% of all yeast genes 
appeared to be TUP /.repressed by a factor 
of more than 2 in duplicate experiments 
under these conditions, 6 of the 13 genes 
that have been implicated in flocculation 
(15) showed a reproducible increase in 
expression of at least twofold when TUPl 
was deleted. Another group of related 
genes that appeared to be subject to TUPI 
repression encodes the serine-rich cell 
wall mannoproteins, such as Tipl and 
Tirl/Srpl which are induced by cold 
shock and other stresses (43), and similar, 
serine-poor pr teins, the seripauperins 
(44). Messenger RNA levels f r 23 of the 
26 genes in this group were reproducibly 
elevated by at least 2.5-f Id in the tap J A 
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strain, and 16 of these genes were induced 
by more than sevenfold when TUP1 was 
deleted. In contrast, none of 83 genes that 
could be classified as putative regulators of 
the cell division cycle were induced more 
than twofold by deletion of TUP J. Thus, 
despite the diversity of the regulatory sys- 
tems that employ Tupl, most of the genes 
that it regulates under these conditions 
fall into a limited number of distinct func- 
tional classes. 

Because the microarray allows us to 
monitor expression of nearly every gene in 
yeast, we can, in principle, use this ap- 
proach t identify all the transcriptional 
targets f a regulatory protein like Tupl. It 
is important to note, however, that in any 
single experiment of this kind we can only 
recognize those target genes that are nor- 
mally repressed (or induced) under the 
conditions of the experiment. For in- 
stance, the experiment described here an- 
alyzed a MAT a strain in which MFAJ 
and MFA2, the genes encoding the a- 
factor mating pheromone precursor, are 
normally repressed. In the isogenic tupl A 
strain, these genes were inappropriately 
expressed, reflecting the role that Tupl 
plays in their repression. Had we instead 
carried out this experiment with a MATA 
strain (in which expression of MFAJ and 
MFA2 is not repressed), it would not have 
been possible to conclude anything re- 
garding the role of Tupl in the repression 
of these genes. Conversely, we cannot dis- 
tinguish indirect effects of the chronic 
absence of Tupl in the mutant strain from 
effects directly attributable to its partici- 
pation in repressing the transcription of a 
gene. 

Another simple route to modulating die 
activity of a regulatory factor is to overex- 
press the gene that encodes it. YAPl en- 
codes a DNA-binding transcription factor 
belonging to the b-iip class of DNA-bind- 
ing proteins. Overexpression of YAP J in 
yeast confers increased resistance to hydro- 
gen peroxide, o-phenanthroline, heavy 
metals, and osmotic stress (45). We ana- 
lyzed differential gene expression between a 
wild-type strain bearing a control plasmid 
and a strain with a plasmid expressing YAPl 
under the control of the strong GAL1-10 
promoter, both grown in galactose (that is, 
a condition that induces YAPl overexpres- 
sion). Complementary DNA from the con- 
trol and YAPl overexpressing strains, la- 
beled with Cy3 and Cy5, respectively, was 
prepared from mRNA isolated from die two 
strains and hybridised to the microarray. 
Thus, red spots on the array represent genes 
that were induced in the strain overexpress- 
ing YAPl. 

Of the 17 genes whose mRNA levels 
increased by more than threefold when 



YAPl was overexpressed in this way, five 
bear horn logy to aryl-alcohol oxidoreduc- 
tases (Rg. 2 and Table 1). An additional 
four of the genes in this set also belong to 
the general class of dehydrogenases/oxi- 
doreductases. Very little is known about 
the role of aryl-alcohol oxidoreductases in 
S. ccTtvisiac, but these eruymes have been 
isolated from ligninolytic fungi, in which 
they participate in coupled redox reac- 
tions, oxidizing aromatic, and aliphatic 
unsaturated alcohols to aldehydes with the 
production of hydrogen peroxide (46, 47). 
The fact that a remarkable fraction of the 
targets identified in this experiment be- 
long to the same small, functional group of 
oxidoreductases suggests that these genes 



Ro. 4. Coordinated reg- 
ulation of functionally re- 
lated genes. The curves 
represent the average in- 
duction or repression ra- 
tios for aO the genes r> 
each indicated group. 
The total number of 
genes in each group was 
as follows: ribosomal 
proteins, 112; translation 
elongation and initiation 



m>ght play an important protective role 
dunng oxidative stress. Transcription of a 
small number of genes was reduced in the 
strain overexpressing Yapl. Interestingly, 
many of these genes encode sugar per- 
meases or enzymes involved in inositol 
metabolism. 

We searched tor Yapl-binding sites 
(TTACTAA or TGACTAA) in the se- 
quences upstream of the target genes we 
identified (48). About two-thirds of the 
genes that were induced by more than 
threefold upon Yapl overexpression had 
one or more binding sites within 600 bases 
upstream of the start codon (Table 1), sug- 
gestiruj that they are directly regulated by 
Tapl. Trie absence of canonical Yapl-bind- 
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ing sites upstream of the others may reflect 
an ability of Yapl to bind sites that differ 
from die canonical binding sites, perhaps in 
cooperation with other factors, or less like- 
ly, may represent an indirect effect of Yapl 
overexpresston, mediated by one or more 
intermediary factors. Yapl sites were found 
only four times in the corresponding region 
of an arbitrary set of 30 genes that were not 
differentially regulated by Yapl. 

Use of a DNA microarray to character- 
ize the transcriptional consequences of 
mutati ns affecting the activity of regula- 
tory m lecules provides a simple and pow- 
erful approach to dissection and character- 
ization of regulatory pathways and net- 



works. This strategy also has an important 
practical applicati n in drug screening. 
Mutations in specific genes encoding can- 
didate drug targets can serve as surrogates 
for the ideal chemical inhibitor or modu- 
lator of their activity. DNA microarrays 
can be used to define the resulting signa- 
ture pattern of alterations in gene expres- 
sion, and then subsequently used in an 
assay to screen for compounds that repro- 
duce the desired signature pattern. 

DNA microarrays provide a simple and 
economical way to explore gene expres- 
sion patterns on a genomic scale. The 
hurdles to extending this approach to any 
other organism are minor. The equipment 
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required for fabricating and using DNA 
microarrays (9) consist! of components 
*« were chosen for their modest cost and 
wmplicity. It Was feasible for a small group 
to accomplish the amplification of «*> 
than 6000 genes in about 4 months and, 
once the amplified gene sequences were in 
hand only 2 days were required to print a 
m k ""i 008 "*? 5 rf 6400 elements 
M j preparation, hybridization, 

and fluorescent imaging are also simple 
procedures. Even conceptually simple ex- 
periments, as we described here, can yield 
vast amounts of information. The value of 
the information from each experiment of 
tins kind will progressively increase as 
more is learned about the functions of 
each gene and as additional experiments 
define the global changes in gene expres- 
sion in diverse other natural processes and 
genetic perturbations. Perhaps the greatest 
challenge now is to develop efficient 
methods for organizing, distributing, inter. 
Preting, and extracting insights from the 
«rge volumes of data these experiments 
will provide. 
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rr 2J* Ptema ana " H. A. Raue, ^ 4. 64 (1988). 

33. TT>e oegenerate consensus seouence VYCYRNNC- 
mnm was used to search for potential R^i-Brxang 
sites. The exact consensus, as oefhed bv £301 Z 
W^AYCCRTACATYW. with *Stc! 
es aftowed. 

34. S. F. Neuman, S. Bhattacharya, J. R. Broach Mot 
Caff. &oi 15, 3167 (1995). 

35 ' i^ci^ 896, X Yanfl * M * Cartson ' *«* «. 1921 
(i 996). 

36. For example, we observed targe inductions of the 
genes coding lor PCKi, FBPl \Z Yin et a/.. Mo/. 
Micro**. 20. 751 (1996JJ. the central gtyoxytate 
cyde gene fCLl (A. Sender and H. J Schier 
Cwn^Genet 23, 375 (1993)). and the -aerobic* 
ttoronn oi acetyl-CoA synthase. ACS1 fM. A. van 
den Berg et at. J. Biol, Chem. 271 . 28953 (1996)1 
with concomitant down-regulation of the grycoryt- 
T'^'ZST PYK1 and ^ P- A- Woore ef 

Si^EUSf 1 -* 01 11 ' 5330 (1991 »- ^ 9«nes 
not directly mvotved in carbon metabolism but 
known to be induced upon nutrient limitation in- 
CkJde genes encoding cytosotic catatase T CTTl 
|P. M. Btsstnger ef a/., toftf. fi. 1309 (1989)] and 
several genes encoding small heat-shock proteins 
such as HSP12. HSP26. and HSP42 \i Farkasef 

t'^J' 0, M ST T) - 266 ' 15602 * 199 D: U. M- 
«I f^L?^ P ' ^ Me acock, Mo/. Gen. Gener. 223 

2717 OBM?' fi ' J * 271, 

37. The levels of induction we measured for genes that 
were expressed at very low levels in the unryjuced 
&m(pc^bfy.FBPl and PC^7) were oeneratfy lower 
man those previously reported. The discrepancy 
was ike ry due to the conservative background sut> 
paction method we used, when generaty resulted in 
owjoU.ation of very tow expression levels (46) 
36. Cross-hypridaaton of highry related seouences can 
occ ? siona <,y ^scure changes in gene expres- 
gon, an important concem where members of gene 
tamftes are functionally specialized and differentia^ 
TJjwed. The major alcohol Dehydrogenase genes 

"x*- *™ ee^Tnuck^kS^: 

Nec«»ocal regulation of these genes is an important 
mature of the cteuxic shift, but was not observed n 
mc experi ment, presumably because of cross -hy- 
r k ^* u " 01 ^ descent cDM^s representing 
these two genes. r4evertr«*ess. we were aote to de- 
tect differentjal expression of ctosety related isolorms 
01 other enzymes, such as HXK1/HXK2 (77% ioen- 
JSl°J , ^t5 rrerOCf * / - yaa «11.137 (1995)). MLS7/ 
OAL7f73% oenticaf) (20). and PGM1/PGM2 (72% 
«*n«ea£|D Oh. j. E. Hopper. Mo/. Cefl. Bo/. 10. 
1415 (199Q)]. n accord with previous studes. Use r\ 
the mciuarray of deliberately selected DMA se- 
WJenoes corresponding to the most divergent seo- 
n^nts of roToiooous genes, in heu of the complete 
gene sequences, should relieve this problem in many 



39. F. E. VWiams, U. Varanasi. R. J. Trumbfy, Mo/ Ceft 
BCL 11. 3307 (1991). 

40. a Trarnarias and K. Struhl. Nature 369. 758 (1994) 

41. Dmerences in mRNA levels between the tupi A and 
w»>type st rain were measured in two independent 

f!^!!!!! 6 " 15 * ^ °°^^coelfic^ between the 
oornpkrte sett of expression ratios measured n 
these dupicate experiments was 0.83. The concor- 



^ J •^Q'Oanas that appiai auto 

^^^T ^ W batwiwthatwoaaparv 
whan orty the 355 genes that showedet 

!LS^J^y 8c * >> • 3< P« rt "»** com- 
P*** the correlation coefficient was 082. 

41 te1 4 mut « tion conaisti of an iwtion of tie 

«*aon the ATG of 7LFJ and an too R I ate 124 base 
P« before the atop oodon of the TUPi gene. 

u - Vbwanathan, a IvUhukunar. Y. S. Com J. 
Lanard. Gene 148. 149 (1994). ^ 

4 ^ a" S"?? 1181 * ^* Carameto. A. Prieto, M. J. Martinez. 

09WK^ ntL *** & ^ M ' CrDb,0i ^ 1783 
47. A. Muneimef at. Sr. Jl ftocnem 195. 369 (1991L 
46. J ; A.Wemri^M.SS2ciypka.D.J. Tbieia.W.S. 
S!r Ro * te y^ fl « Cham 269. 32592 (1994). 
™[J] a "*y» ««• seamed using a custom-bual 
scanning laser mooscope bult by S. Smith wth 
aoft ware w ritten by N.2rv. Detafa co n o ei mv * ^ 
narflfttinn ■^^ M 4 W ^- ^ M UIVIL 

* tarTtor o-aou/pt*owa Images were scanned al a 
«*okJbon of 20 urn per poet A separate scan, uang 
the appropriate excitation ine. w***™**** ^ ^ 
the two fluorophoras used. Dunng the scanning po* 
oe». the ratio between the signals n thetwocfw>- 
nels was calcutatad tor several array etemantacorv 

S^..!° tt !,. oenomic ^ To n»ma*» the two 
o^nneb wtfwespect to ever* intensity . we then 
8 drusted photomuttipier and laser power aettrge 
ajch that the signal ratio at these ekynents was as 
dose to 1 .0 as posstote. The cornbned rnages went 
analyzed with custenvwrrtten software. A boundhg 
box. fltted to the sire of the DMA spots to each 
CAttdrant was placed over each array element The 
average r\joresoem intensify wm 
ming the intensities of each rjixrt omw^ ^ t tm^j, 
ing box, and then dividing by the totaJ nurnber of 
p«e*s. Local area background was calculated tor 
each array element by deterrnirvig the average Suo- 
rescent intensrry for the tower 20% of pixel vttnaW 
ties. Although this method tends to underestvnete 
tne background, causing an unoera st iH ia aon of ex> 
treme ratios Unfrrt^.u^ ^^ iiliwil arrtn eaaa 
tolerant approximation. Atthough the anatoo4n. 
digital board used tor data collection penesaaea 
wide dynamic range (12 bits), several signets were 
saturated (greater than the maximum signal toanefe 
allowed) at the chosen settings. Therefore, extreme 
rabos at bright elements are generaay underesttia* 
ed. A signal was deemed significant If the average 
"tensity after background subtraction was at least 
2.5-fold higher than the standard deviatton to the 
background measurements tor al ekvrtentt on the 
array. 

50. In acttrtion to tto 17 genes srow^ 

addrbonal genes were induced by an average of 
more than threefold in the duplicate expenmemTbut 
n one of the two experiments, the nduction was less 
than twofold (range 1.6- to 1.9-fold) 
We thank H. Bennett P. SpeUman. j. Ravetto M. 
E»en. R. Piai. B. Dunn. T. Ferea. and otiTmanv 
oers of the Brown tab tor their assistance and hatoai 
advice. We also thank S. Friend. D. Botstaln7& 
Smith. J. Hudson, and D. Dotginow lor advice, sup- 
port. and encouragement; K. Struhl and S. Chatter- 
fee for me Tupi deletion strain; L F em m nde a tar 
hetoWwjvice on Yapi; and S. Kiaphotz and the 
reviewers tor many heiptu) commentt on the menu- 
script Supported by a grant from the National Hu- 
man Genome Research Institute (NHGRB 
(HG0f>i50).andbytte 

^L^IiSn^w?- ^ 6uoport « 3 by the HHM 
and the NHGRI. V.R. was supported to pan by an 
Instrtutionaf Training Grant to Genome Science (T32 
HG00044) from the NHGRi. P.o.B. islsVasaocS 
»>vestigator of the MHML 
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Human Genome Placed on Chip; Biotech Rivals Put It Ud 



for Sale 

By ANDREW POLLACK (NYT) 1030 words 
The genome on a chip has arrived. 



Melding high technology with biology, several companies are rushing to sell slivers of elass or 
nylon, some as small as postage stamps, packed with pieces of all 30*000 orsf^h^an 

The new products will allow scientists to scan all genes in a human tissue sample at once to 
determine which genes are active, a job that previously required two ormSL u , 
genome chips will lower the cost and increase the spee'd oE^^£S^ Wh ° ,C - 
transformed biomedical research in the last few years. 

«rt pTZ T V ^ r simi]ar t0 Siting an integrated circuit of the genome - 

° f ^ *e leading seller o^hips, 

^ CaIif " is expected to ™ e today * at * is — * 

The announcement seems timed to steal some thunder from the rival Anient t.^i,-„i • 
which is based in nearby Palo Alto. Agilent is to be ^«Z£$£2££SZi it 
plans to announce men that i, has started shipping tes, versions of its wMe^ome X 

Applied Biosystems of Foster City, Calif., a unit of the Applera Corporation started the race in 

SZZ^ZZZ™"?* * W ° U,d 1 — a *hole-genome chip'ou. by a£Stf£? y .™ 
NnnbleGen Syaems, a small company in Madison, Wis., announced a few days uWttat hhri . 
genome on a eh* that ,. was no. selling bu, that i, was using to ™ tesu for cu«om^ 



Scientists have found that tumors that look the same under the microscope can differ in „™. „r 
which genes are active. So studying gene patterns could become a wavTd^t^K^ °^ 
derily ad not-so^y tumor, or to predict which drug *5£3£ 

™Mo" Va,d0rS C0DCCded ,h " *• *•* *»> *«. chips to on. is more symbolic ma 

"You can do just as good science with two chips, it costs vou a link m™ ■„•.,„, 
the vice president for research and development a! iSbleGen! ' 

nloerlnd^ 

computers conttauousbr cheap* an^aUeT* *" ""*' «-*»»»«»" «• 

gene chip srudies to pharmaceutic* ^ 
S bW """ *" nUmb " rf « - » "duetorchip doubles every ,8 

known of the human genome. M«l^T,2^.T ch, P s » v «A>i what was then 
chip, which some scientists say will be more convenient 8 
"We like to be able to look at all genes at nn#» t; m . ♦ ♦ « « . . 

John R. Walker, who runs gene "cSSdSvS^ t£.? * lobal T view of going on," said 
Research Foundation in SanlSLgo ? Gen ° m,CS ° f Ae Novartis 

Costs should also be lower. Gene chins haw w« ^ • Al _ 

still make their own rather thtntayAeT^n^^'™ 2 T V Scienti5ts 
for $300 to $500 each, i^^lZ^ZT^i'LT^ 1 ' " chi P» 
The other companies havTno. an^un^Tri^ ™ pn " ° f "* set ' 

Jaffiay. Affymettic had total pSsXi Iw2 of IbTm Sn" T" 3 " ^ Ba " CMp P ' per 
spokesman sad * human genome "^S; °' ^ ' ^ 

nf^r-itl^^ ?r ° n p r, s s r ^ ~ ^ 

yy iu!» y5 icms, me largest maker of genomics equipment over all, will be 



2 



entering the microarray segment of the business with its whole o«,«m. ^- v • . 

market ^ill be for chips toc^te^X^jL SC ° V " y '.' h ! biggea *"* of *• 

are .» cumbersome I 

particular genes that are associated with sav tim„r=Zl ™°l«-goiome chips to find 
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Agilent | Agilent Technol gies ships whole human genome on single microanay to 

A 9«'ent Technologies 
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Xte&X&mrpS. > flautAaflenl > NewsgAqiiffu > Press 
News@Agilent 

Agilent Technologies ships whole human genome on single 
microarray to gene expression customers for evaluation 

Company to introduce first commercial 



commercial whole human microarray by end of year 



PALO ALTO, CalX., Oct 2, 2003 



Press Relets 

► Communi 

► Corporate 

► Electronic 

► UfeScien 
Chemical 



density formal wtfcr, in acconmoSe™ IWtaK«TS^A b . as f d "".*»""«'» iwwco,** 

and higMualftyperformance make*^ P ro | ,es - The *»vTngs 

own microarrays." compelling alternative for scientists who make their 

Agilent's microarrays are based on the industry-standard 1" * v n*~.~ « v , 

compatible with most commercial riiicroarra^S a. aJJ? X ? ^ m) format ' is 

using content from public databases ^S P n?te^u^ 9 S km^™* microarra y s » developed 

information made available to customers S5TEuSS?L ^ ^"f" 06 and annotation 

and then validated empirically 9vS^t^SS^S^ ft"** usin 9 a, 9° rith ™ 

comprised of functionally validated?***! T wS,Z TZS^'SZ?^ The resuK is a """oarray 

information commercially available. up-to-date and comprehensive genome 

Advantages of the double-density format include: 

' !SESE^ ,6SS * a " I requires fewer reagents and 



• Smaller sample use. A smaller quantity of sample material is 



required to perform an experiment. 



Availability 

Agilent's Whole Human Genome Microarray is expected to be available 



► Archives 



Search Aollt 

Quick Links 
j Jump to pa; 



for order by the end of the year. 



About Agilent T chnologies 



Agilent | Agilent Technologies ships whole human genome on single microanay to gene e... Page 2 of 2 



on the Web at www.aoflentoom , 
F rward-Looklng Statements 



end of 2003) that involve risks and uncertainties that ^id^r^X^S^^ 
management's current expectations. These and other risks are detailed in "the "imS? filiSUh th. 
Securities and Exchange Commission, indudino its Annual Rpnnrt ™ Tp«™ in^*r£ y Qs wlth 
31. 2002. its Quarteriy Report on Form' wofflS qSarte eX Jul 'ITlwZte'r™ *£* ° CL 
onForm^led Au fl . 18. 2003. The company assies SSSffilS 2SSSZ Sff 
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Christina Maehr 

+1 408 553 7205 

Christina maehr<5)aoilent.com 
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/ EXHIBIT J 

>V Docket No.: PF-0247-2 CON 

Today's News ^-.^ 

Affymetrix Announces Commercial Launch of Sinale Arrav f ru..— /■» 
Express! n Analysis 9 Array f r Human Genome 

AFFYMETRIX GENECHIP(R) BRAND HUMAN GENOME U133 PLUS 2.0 ARRAY 

^RNe^Foto)[A^'''^^ *** ^ Ge " 0me U133 P '« 2.0 Array. 

SANTA CLARA, CA USA 10/02/2003 




More Than 1 Million Probes Analv?^ pvt>^« • 

GeneChip.(R) brand Human Genome U13 3 Plu. 2 0 te.^«/7 " MW 
protein-coding content of the human offerin 9 researchers the 

catalog microfrray. The HG^133 n s 0 IrlVJ, 1 ^ co T mrcUlly availa "« 
of nearly 50,000 RNA transcripts and varia^^ L^i^* eXpre8sion 
transcript, providinq suDerior ~ f • 22 dl£fe rent probes per 

single prosper tralLcrTpt unmatched * technologies using a 

-5 tt°i«I? P i ^-rf , T scom - c ^9'-bin/prnh/20031 002/SFTH021 ) 
the Human ^^^^SST^.^ the si2e ° f a *»■» thumbnail, 

further .demonstrated the po^and tlllLT^ 1 ^ CapaCit *' *»* 

explore vast areas of the qenom- « t potentlal of ou * technology to 

Commercial Officer. -M^SeTnd^f^ I"^ J ' Nicholls < Ph.D., Chief 
ensure that our data JESS MSSSTfS meaSUrementS f ° r each transcript 
capacity increases drSUtiSlS^ industry standard, even as our data 

content S'S'pSSoS. 0 ^! SL* ^ ShiP in ° Ct ° ber ' combin « the 
sets representing £out " S ? ^«S' y f "'/i'? 10 ' 000 new P™be 

transcripts and variants This ?^ t0tal ° f nearlv 50 ' 000 

version f the pubSclJ avaTuMe qenomT ^ ^ ri /^ d a 9 ain " the latest 
comprehensive and up-tS-dlte SSli J P ' P rovides researchers the most 
design strategy^ ?he HG-SLf MusToV 6 " 6 expression analysis. The probe 
U133 Set, providing very stroL L a ? 18 ldentical to the previous HG- 

With more ?han double £e SS^c^i^v^fS^* b6tWeen tW ° produ «s. 
human product, the HG-U133 Wus 2 * £rav can" * Prev " us -9 ene "tion Affymetrix 

^tiir^js-""- in the ^-w^^^ss-a and 

t-^^-LLa^^ £ nrn r ge 0 ne— - 



~~ ^^/^^ v;«/„ f ^^ w 



io a rrt = i n/i jp, crop vv /„ 
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expression analysis, while maintaining Affvmetriv • , 

HG-U133 Plus 2.0 Array uses 22 indenSrflf* unrivaled data quality The 

hybridization of ^trJ^^St^T?^^ ^ 
. more than 30 times that of any other miJZZZZ' ""lion data points in all 
' independent measurements V^^^^ZF^S*^™ • nmltipL, ' 

most accurate, consistent^ S^SSSlI^ES?* " d S P ecifi «^ «d the 
"More data points produce more S19I \ lflcaat "suits possible. 

better science, - said SichoUs ^uTp^uTSS "f Ultimate1 ^ «able 

S3T^/"~ that their ^^?^i^S2t ! 2S.rL 

feature size on this new design means researchers II. The reduced 

volumes than on the previous 18-micron llltl tilt !* USC Smaller sam Pl« 
This new array represents over 20^oor tr Ss«rptrtLr mPr °K iSin9 P" f °rmance. 
human biology and disease processes All «™£ P % ' Ca ° be used to explore 
original GeneChip HG-U133A Array are idenS-l! "Presented on the ^ 

HG-U133A 2.0 Array. Y 6 lden ^c a lly replicated on the GeneChip 

More information on the design of the hp tuts m 

^^^iJ^"S2 2S?£ - thi. and other 

would like to attend this prLs confer enct 1?°™ U " 3 PluS 2 '° *««y. If you 
at c.stupnicka@northbankcommunications.com * C ° ntaCt Caroli ne Stupnicka 

About Affymetrix: 
Affymetrix is a pioneer Sn • 
the genomic revolution. By apply^p Jhf 5r?S- h f° U9h t0 ° 1S that are driv *»9 
to the life sciences, Af fy^SrSfveJopfa^ 1 ?^ ° f • semicond "«or technology 
enable scientists to improve the gSaUtv ^ Clali2es sterns that W 

include pharmaceutical, biotechnoloov LlLt ? * Com P an y's customers 
products companies as well as academic love^eL^' dia * nosti « and cc ™™« 
research institutes. Affymetrix JfT^tt' 9 ° vernment a »d other non-profit 
products and services, iSS^ 0 "^ " SS" r" 9 ? 0rt£oli ° ° f integrated 
growing markets focused on understanding ?J! , GeneChl P Platform, to address 
human health. Additional in£rmI"on « 9 *5J* rela ti°nship between genes and 
http://www.affymetrix.com. intormatlon on Affymetrix can be found at 

All statements in this Dress roi 
"forward-looking statements" within SUV - n0t hist °rical are 

Securities Exchange Act as amended SSirS™*" 9 ° f S6Cti ° n 21E of the 
"expectations,- "beliefs,- -h^pes - "inteni" 9 Statements regarding Affymetrix- 
Such statements are subject to risks a „ "strategies- or the like, 

results to differ -t^* ly ^™£^^™™"" ^ C ° Uld CM " actual 
but not limited to risks of the Compel L ^ ? ° S6 Dro 3 ef =ted, including, 
higher levels of revenue, higher aS^ n, ablllt y to «chieve and sustain 
uncertainties relating to tef^lgLa^^chlf 11 "" senses, 
development, market acceptance (inclu*?™ ' manuf actur ing. product 

development and market acceptance n =J u ?; n 9 ^"aiatie. relating to product 
and the HG-U133A 2.0,, ^IZ^^l^*™ 0 ** HG ' U133 Plu/2 . 0 Sr«y 

pricing of Affymetrix products? dependence 'oT^T"" t0 COSt and 

uncertainties relating to sole sour- !r collaborative partners, 
and other regulatory approvals, coSt'ti^'S-k^ tainties relating to FDA 
property of others and the uncertainties S'JJ relating to intellectual 
These and other risk factors arl discussed in It? pr ° tection ™* litigati ». 

re aiscussed in Affymetrix' Form 10-K for the 

httD://www. Dm ew^^ ^ 
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year ended December 3i 2002 and oth 

Reports on Form 10-Q for subsequent g^ar^vT^/^ 1 "^ its Quarterly 
disclaims any obligation r vJ^^^^^'^p^xU express^ 
revisions to any forward-looking statement f ! P"M«ly any updates or 
change in Affymetrix. expectatiLs watTre"^^; 1 " 6 ? herein to -~«ect « y , 
events, conditions, or circuses ^ £2^tJ. 

NOTE: Affymetrix, the Affvmcf^- i 
tradenarks owned or used by Jf^trJx^nc. ^ ° eMCbi ^ *** are "^ered 



SOURCE Affymetrix, Inc. 

Web Site: httpJ/www.affymetrix.com 
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Macroresults through Microarrays 

teh*l 919 541 2071, fax: +1 919 541 4017, e-m.il: rocketLjohn@epa.90v * ' ° 2771 1 ' US * 



The third enactment of Cambridge 
Healthtech Institute's Macroresults 
through Microarrays meeting was held 
in Boston (MA, USA) from 29 April- 
1 May 2002. The subtheme of this year's 
meeting was 'advancing drug discov* 
ery', a widely touted application for 
array t chnoiogy. 



The evolution of microarrays 
If y u were asked 'Who first conceived 
f the idea of microarrays', who would 
c me t mind? Mark Schena perhaps, 
first author of the seminal 1 995 paper 
on cDNA arrays [1]? Maybe Pat Brown, 
Schena's then supervisor? Or perhaps 
Stephen Fodor, the primary driver 
behind Affymetrix's (http://www. 
affymetrix.com) oligonucleotide-based 
platform [2]. Brits might even chant the 
name f Ed Southern [3]. Well, accord- 
ing to R ger Ekins (University College 
London Medical School; http://www. 
ucl.ac.uk/medicine/) all these answers 
w uld be wrong. It was in fact Ekins 
and his c I leagues who first conceived 
f and patented 'a new generation of 
ultrasensitive, miniaturized assays for 
pr tein and DNA-RNA measurement 
based on the use of microarrays' in the 
mid 1980s [4]. The concept and poten- 
tial of array technology was more fully 
described in a later publication, in 
which Ekins et al. [5] concluded that an- 
tibody microspots of -50 pm 2 could be 
achi ved, and that as many as 2 million 
different immunoassays could, in prin- 
ciple, be acc mmodated on a surface 
area of 1 cm 2 . 

Technological innovation 
In practice, it took a different biological 
molecule (DNA), a different research 



group, and a leap into microfabri- 
cation technology to even begin 
approaching these kinds of densities 
(Affymetrix patent 6045996 talks of 
one million spots cm-*]. Of course, 
advancing technology is one of the 
driving engines behind the genomics 
juggernaut, and we are already seeing 
'4th generation' machines for fab- 
ricating DNA chips. If the company 
representatives at this meeting are to 
be believed (and their cases seemed 
strong), spotting is out, and in situ 
fabrication of oligonucleotide-based 
'iterative custom arrays' is in. Whether 
you go with the Combimatrix's (http:// 
www.combimatrix.com) electrochemi- 
cally directed synthesis and detection 
system, febit's (http://www.febit.com) 
Geniom* technology, or Nimblegen's 
(http://www.nimblegen.com) Maskless 
Array Synthesizer technology is a 
matter of personal choice. However, 
each of these machines provides the 
flexibility to design variable length 
oligonucleotide probes from se- 
quences inputted by the user, and then 
perform in situ synthesis of an array. 
Each system also boasts unique advan- 
tages. For example, Combimatrix's 
biological array processor is a semi- 
conductor coated with a 3D layer 
of porous material in which DNA, 
RNA, peptides or small molecules 
can be synthesized or immobilized 
within discrete test sites, while febit's 
Ceniom One* is a fully integrated 
gene-expression analysis system with 
minimal user hands-on time - the 
probe sequences are pr grammed, the 
RNA samples inserted, and the gene 
expression data is pumped out a few 
hours later. 



Cell- and tissue-based arrays 
Array technology is in most people's 
minds firmly linked with gene-expression 
profiling. Fewer are aware that cell- and 
tissue-based arrays have been devel- 
oped, and how they can provide 
a vital extra dimension to research. In 
support of this, Barry Bochner gave an 
update on the cell-based array system 
that Biolog (http://www.biolog.com) 
has produced for simultaneously mea- 
suring the effects of one gene in the cell 
under thousands of growth conditions 
(see [6] for further details). David Watt 
(Tufts University; http://www.tufu. 
edu/) is developing single live cell ar- 
rays using optical imaging fiber (OIF) 
technology. An array of microwells is 
fabricated on the face of an OIF at den- 
sities of up to 10 million wells cm-*. 
Cells are then added to the wells and 
disperse at an average of one cell per 
well. Physiological and genetic re- 
sponses of each cell are measured via 
fluorescence produced by reporter 
genes (e.g. /ocZ, gfp. Assays performed 
so far include yeast live or dead cell 
assay, microenvironment pH and 
0 2 measurements, promotor responses 
using the lacZ and phoA reporter genes, 
and protein-protein interactions using 
the yeast two-hybrid system. The main 
advantage of this system is that the cells 
remain alive during the assay, which 
means a real-time timecourse can be 
performed and/or the array passed 
from sample to sample. This would be 
useful in, for example, the scanning of 
a combinatorial drug library for specific 
physiol gical effects. 

Tissue arrays are a useful complemen- 
tary technology to DNA arrays because 
they can be used to help validate and 
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understand the biological and medical 
significance of gene changes discov- 
ered using standard DNA arrays. F r 
example; an array of tumor tissues can 
be screened for the protein (using im- 
munohistochemistry), message (using 
in situ hybridization) and copy number 
(using comparative genomic hybridiza- 
tion) of a gene of interest to determine 
if expression of the gene (or lack 
thereof) is related in any way to sur- 
vival. They can also be used to predict 
the probability of clinical failure of lead 
compounds as a result of toxicity by 
evaluating the distribution of the drug 
targets in normal tissue. Spyro Mousses 
and his co-workers at the National 
Human Genome Research Institute 
(http://www.nhgri.nih.gov/index.htmO 
have built such arrays, including a 
multi-tumor array (-5000 specimens, 
and sections from 36 normal and 800 
metastatic tissues) and a normal tissue 
array (76 tissue and 332 cell types). 



The problem with proteins 
It has been said that genomics tells us 
what might happen, transcriptomics 
indicates what should happen, and pro- 
te mics shows what is happening. The 
impact of functional proteomics on 
pharmaceutical R&D is rapidly increas- 
ing, and protein arrays are being used 
increasingly in both basic and applied 
research. Their use lies not only in com- 
parative protein expression and inter- 
action profiling, but also in diagnostics 
and drug discovery. However, an in- 
creasing number of researchers have 
found that protein arrays, like their 
c usins the DNA arrays, present several 
practical obstacles relating to their pro- 
duction and use. For example, in using 
Escherichia coli to produce recombi- 
nant eukaryotic proteins from a single 
expression vector, multiple protein 
products are often produced, suggest- 
ing mixes f truncated or otherwise 
altered proteins. There is also the obvi- 
ous concern that the proteins might 
not be modified in a similar manner to 



eukaryotic systems. Also, an optimal 
method for depositing and binding 
proteins t the selected substrate is 
yet to be determined, as is the best 
way to ensure that they are bound in a 
correctly folded, active conformation. 

Several companies have been address- 
ing these problems. Prolinx (http:// 
www.prolinxinc.com) is one such com- 
pany, and Karin Hughes described their 
Versalinx™ chemistry for producing 
protein, peptide and small-molecule 
arrays. Versalinx™ uses solution-phase 
conjugation followed by immobiliza- 
tion, resulting in functional orientation 
of proteins and peptides on the sub- 
strate surface. It also offers the valuable 
additional benefit of exhibiting low 
non-specific binding. Sense Proteomic 
(http://www.senseproteomic.com) is 
also among those addressing these 
problems to develop robust protein 
arrays for drug discovery and clinical 
applications and has developed func- 
tional protein array formats based on 
specific disease tissues. Subtractive hy- 
bridization is used to identify genes 
with altered expression in breast tumor 
and cystic fibrosis compared to normal 
tissue. A high throughput cloning strat- 
egy (COVET™) is then used to produce 
libraries of genes that are tagged, 
cloned, expressed, purified and finally 
immobilized on glass slides. Initial vali- 
dation studies have shown that the vast 
majority of the immobilized proteins do 
indeed retain biological function. 

Stefan Schmidt and his company 
(GPC Biotech; http : //www. gpcbiotech. 
de) have moved past the platform devel- 
opment stage and, with their focus 
firmly on drug discovery, are currently 
developing kinase-profiiing arrays. 
Kinases are important targets for phar- 
maceutical drug discovery and therapy, 
and CPC's aim is to simultaneously de- 
tect multiple kinases, obtain activity pro- 
files for different cell types, or analyze 
the ability of drug candidates t inhibit 
kinase activity. To do this, recombinant 
kinas substrates are imm bilized on 



membranes, incubated with purffied 
kinase, and the-substrates measured for 
the degree of phosphorylation. 

Summary 

Meetings like this, packed with exciting 
discoveries and intriguing and interest- 
ing innovation, heavily emphasize the 
pace at which biotechnology is advanc- 
ing, to the extent that the number of 
options for genomic and proteomic re- 
searchers can become overwhelming. 
Although data analysis is perhaps the 
greatest current concern for array users, 
an increasing challenge will be to deter- 
mine the approaches and technology 
that really work, and to do it in a timefy 
manner. 
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1 Introduction 

High-resolution two-dimensional electrophoresis of pro- 
terns, introduced in 1975 by OTarreli and others [1-4] has 
been used over the ensuing 16 years to examine a wide va- 
nety of biological systems, the results appearing in more 
than 5000 published papers. With the JUTcomm^ 
ized systems for analyzing two-dimensional (2-D) gel ima- 
ges and constructing spot databases, it is also possible to 
plan and assemble integrated bodies of information de- 
scribing the appearance and regulation of thousands of nro- 
tein gene products [5, 6]. Creating such databases involves 
amassing and organizing quantitative data from thousands 
of 2-D gels and requires a substantial commitment in tech- 
nology and resources. 

Given the long-term effort required to develop a protein da- 
tabase, the choice of a biological system takes on consider- 
able importance. While in vitro systems are ideal for answer- 
ing many experimental questions, especially in cancer re- 
search and genetics, our experience with cell cultures and 
tissue samples suggests that some in vivo approaches could 
have major advantages. In particular, we have noticed that 
liver tissue samples from rats and mice appeaMo showgrea- 
ter quantitative reproducibility (in terms of individual pro- 
tein expression) than replicate cell cultures.This is perhaps 
a natural result of the homeostasis maintained in a com- 
plete animal vj. the well-known variability of cell cultures 
the latter due principally to differences in reagents (eV 
fetal bovine serum), conditions (e.g.,pH) and genetic -evo^ 
lution of cell lines while in culture. It is also more difficult 
to generate adequate amounts of protein from cell culture 
systems (particularly with attached cells), forcing the inves- 
tigator to resort to radioisotope-based or silver-based stain- 
oetection methods. While these methods are more sensi- 
tive (sometimes much more sensitive) than the Coomassie 
Brilliant Blue (CBB) stain typically used for protein detec- 
tion in -large" protein samples, they are generally more vari- 
able, more labor-intensive and, in the case of radiographic 
methods, may generate highly "noisy" images, due to the 
properties of the films used. By contrast, large protein sam- 

S^a^?!?"^ 1 * prc P arcd from Overusing urea/Nonidet 
F-40 (NP-40) solubilization and stained with CBB, which 
has the advantage of being easily reproducible [8) Finally 
there remains the question of the •truthfulness" of many in 
vino systems as compared to their in vivo analogs; h w 
great are the changes caused >y the introduction into a cul- 
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ture and the associated shift to strong selection for growth, 
and how do these affect experimental outcomes? Hence 
the apparent advantages of in vitro systems, in terms of ex- 
perimental manipulation, may be counterbalanced by 
other factors relating to 2-D data quality. 

There is a second important class of reasons for exploring 
the use of an in vivo biological system such es the liver. His- 
torically, there have been two broad approaches to the me- 
chanistic dissection of biochemical processes in intact cel- 
lular systems: genetics (a search for informative mutants) 
and the use of chemical agents (drugs and chemical toxins). 
Both approaches help us to understand complex systems 
by disrupting some specific functional element and show- 
ing us the result. With the development of techniques for 
genetic manipulation and cloning, the genetic approach 
can be effectively applied either in vitro or in vivo, although 
the in vitro route is usually quicker. The chemical approach 
can also be applied to either sort of biological system; here, 
h wever, the bulk of consistently acquired information is 
in experimental animals (rats and mice). While most biolo- 
gists knowa short list of compounds having specific, experi- 
mentally useful effects (e.^., inhibitors of protein synthesis, 
ionophores, polymerase inhibitors, channel blockers, nu- 
cleotide analogs, and compounds affecting polymerization 
of cytoskeletal proteins), there is a much larger number of 
interesting chemically-induced effects, most of them char- 
acterized by toxicologists and pharmacologists in rodent 
systems. Just as a thorough genetic analysis would involve 
saturating a genome with mutations, it is possible to ima- 
gine a saturating number of drugs, the analysis of whose ac- 
tions would reveal the complete biochemistry of the cell. 
While rganxzed drug discovery efforts usually target spe- 
cific desired effects, the nature of the process, with its de- 
pendence on screening large numbers of compounds, ne- 
cessarily produces many unanticipated effects. It is there- 
fore reasonable to suppose that the required broad range of 
compounds necessary to achieve "biochemical saturation" 
may be forthcoming; in fact, it may already exist among the 
hundreds of thousands of compounds that failed to qualify 
as drugs. 

Among organs, the liver is an obvious choice for the study 
of chemical effects because of its well-known plasticity and 
responsiveness. The brain appears to be quite plastic (e.g. 
[7]) t but it is a complicated mixture of cell types requiring 
skillful dissection for most experiments. The kidney, while 
quite responsive, also presents a potentially confounding 
mixture of cell types. The liver, by contrast, is made up of 
one predominant cell type which is easy to solubilize: the 
hepatocyte, representing more than 95% of its mass. Most 
importantly, the liver performs many homeostatic func- 
tions that require rapid modulation of gene expression. It 
appears that most chemical agents tested affect gene ex- 
pression in the liver at some dosage (N. Leigh Anderson, 
unpublished observations), an interesting contrast to our 
earlier work with lymphocytes, for example, which seem to 
be much less responsive. Such results conform to the expec- 
tation that cells with a homeostatic, physiological role 
should be more plastic than cells differentiated for a pur- 
pose dependent on the action of a limited number f spe- 
cific genes. 

The liver also allows the parallels between in vitro and in 
vivo systems t beexamin d in detail. Significant progress 



has been made in the development of mouse, rat and hu- 
man hepatocyte culture systems, as well as in precision-cut 
tissue slices. Using such an array of techniques, it is possi* - ; 
ble to assemble a matrix of mammalian systems including 
mouse and rat in vtvo on one level and mouse, rat and hu- 
man in vitro on a second level, and to compare effects be- 
tween species and between systems. This approach allows 
us to draw informed conclusions regarding the biochemical 
"universality* of biological responses among the mammals, 
and to offer some insight into the validity of in vitro ap- 
proaches for toxicological screening. We believe this data 
will be necessary if in vitro alternatives are to achieve wide 
usage in government-mandated safely testing of drugs, con- 
sumer products and industrial and agricultural chemicals. 

A number of interesting studies have been published using 
2-D mapping to examine effects in the rodent liver. A num- 
ber of investigarors have made use of the technique to 
screen for existing genetic variants [8—1 1] or induced muta- 
tions [12—14], mainly in the mouse. This work builds on the 
wealth of genetic information available on the mouse and 
its established position as a mammalian mutation-detec- 
tion system. While some studies of chemical effects have 
been undertaken in the mouse [15—17], most have used the 
rat [18-23]. The examination of the cytochrome p-450 sys- 
tem, in particular, has been carried out almost exclusively 
on the rat [24, 25], 

These considerations lead us to conclude that rodent liver 
offers the best opportunity to systematically examine an 
array of gene regulation systems, and ultimately to build a 
predictive model of large-scale mammalian gene control. 
The basic underlying foundation of such a project is a reli- 
able, reproducible master 2-D pattern of liver, to which on- 
going experimental results can be referred. In this paper, we 
repon such a master pattern for the acidic and neutral pro- 
teins of rat liver (pattern F344MST3). In future, this master 
will be supplemented by maps of basic proteins, and analog- 
ous maps of mouse and human liver. 



2 Materials and methods 
2.1 Sample preparation 

Liver is an ideal sample material for most biochemical stud- 
ies, including 2-D analysis. A sample is taken of approxima- 
tely 0.5 g of tissue from the apical end of the left lobe of the 
liver. Solubilization is effected as rapidly as practical; a 
delay of 5— 15 min appears to cause no major alteration in 
liver protein composition if the liver pieces are kept cold 
(e.g., on ice) in the interim. In the solubilization process, 
the liver sample is weighed, placed in a glass homogenizer 
(e.g., 15 mL Wheaton); 8 volumes of solubilizing solution* 

* The solubilizing solution is composed of 2 % NP-40 (Sigma), 9 M urea 
(analytical grade, e.g., 6DH or Bio-Rad), 0J<*> dithioihreitol (DTT; 
Sigma) and 2% carrier ampholytes (pH 9-11 LKB: these come as a 20% 
stock solution, so 2 % final concentration is achieved by making the final 
solution 10% 9-11 Ampholine by volume). A large batch of solubilixer 
(several hundred mL) is made and stored frozen at — 80*C in aliquot* 
sufficient to provide enough for one day's estimated sample prepara- 
tion requirement. The solution is never allowed to become warmer 
than room temperature at any stage during preparation or thawing for 
use. since heating of concentrated urea solutions can produce containf* 
nanis that covalently modify proteins producing aaifactual charge 
shifts. Once thawed, any unused solubilizer is discarded. 



Dt*npl»tMti 19ft U 907-930 

is added (/.*., 4 mL per Oi g tissue) and the mixture is ho- 
mogenized using first the loose- and then then the lighi-fit. 
ting glass pestle. This lakes approximately 5 strokes with 
each pestle and is carried out at room temperature because 
urea would crystallize out in the cold. Once the liver sample 
is thoroughly homogenized in the solubili2er, it is assumed 
that all the proteins are denatured (by the chsouopi'c effect 
of the urea and NP-40 detergent) and the enzymes inacti- 
vated by the high pH (-9 .5). Therefore these samples may 
be kept at room temperature until they can be centrifuged 
or frozen as a group (within several hours of preparation) 
The samples are centrifuged for 6 X 10* g min (e.g., 500 000 
X g for 12 min using a Beckman TL-100 centrifuge) The 
centrifuge rotor is maintained at just below room tempera- 
ture (e.g., 15-20 C C), but not too cold, so as to prevent the 
precipitation of urea.The centrifuge of choice is a Beckman 
TL-100 because of the sample tube sizes available but anv 
ultracentrifuge accepting smallish tubes will suffice When 
an appropriate centrifuge is not available near the site of 
sample preparation, samples can be frozen at -£0°C and 
thawed prior to centrifugation and collection of superna- 
tants. Each supernatant is carefully removed following cen- 
trifugation and aliquoted into at least 4 clean tubes for stor- 
age. This is done by transferring all the supernatant to one 
clean tube, mixing this gently (to assure homogeneous 
composition) and then dividing it into 4 aliquot*. The ali- 
qu ts are frozen immediately at -S0°C. These multiple ali- 
quots can provide insurance against a failed run or a freezer 
breakdown. 
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cirtctly (as extruded) onto the slab gels without eouflih™. 
lion .and held in place by poryesteJ fabri rSM^Sl 
^es* produced by LSB) to avoid the use of SS^S 

of 20, id cooled DAU tanks (10-Q with bufTw drciSatio? 
All run parameters, reagent source and lot information, 
end notations of deviauon from expected results are en£ 
red by the technician responsible on a detailed, multi-pase 
record of the experiment. p ^ 

23 Staining 



22 Two-dimensional electrophoresis 

Sample proteins are resolved by 2-D electrophoresis usine 
the 20 X 25 cm lso-Dalt« 2-D gel system ([26-291 pro. 
duced by LSB and by Hoefer Scientific Instruments San 
Francisco) operating with 20 gels per batch. All first-dimen- 
sional is electric focusing (IEF) gels are prepared using the 

, S ™ S J n f Jc . SlaDdardi2ed balcb of wnpholvtes 
(BDH 4-8A in the present case, selected by LSB's batch- 
testing program for rat and mouse database work") A 10 
nL sample of solubilized liver protein is applied to each gel 
and the gels are run for 33 000 to 34 500 volt-hours using a 
progressively increasing voltage protocol implemented by 
a programmable high-voltage power supply. An Ange- 
lique* computer-controlled gradient-casting system (pro- 
duced by LSB) is used to prepare second-dimensional sod- 
ium dodecyl sulfate (SDS) polyacrylamide gradient slab 
gels in which the top 5 % of the gel is 1 1 %T acrylamide, and 
the lower 95% of the gel varies linearly from 1 1 % to 18 %T 



This system has recently been modified so as to employ a 
commercially available 30.8 %T acrylamide/ N A'-methyle- 
nebisacrylamide prepared solution (thus avoiding the han- 
dling of the solid acrylamide monomer) and three addi- * ^ 
tional stock solutions: buffer (made from Sigma pre-set Computer analysis 
Tris), persulfate and ^A\A>-tetramethy]ethylenedi- 
araine (TEMED). Each, gel i s identified by a computer- 
printed filter paper label polymerized into the lower Jeft cor- 
ner of the gel. First-dimensional JEF tube gels are loaded 



Following SDS-electrophoresis, slab gels are stained for 
protein using a colloidal Coonussie Blue G-250 procedure 
m covered plastic boxes with 10 gels (totalling ajproxinu- 
or V ^'jffllV^'™* Pr0ccdurc (b«ed on the wo* 
rL ^ e n U H h ?l I3 ! , 31 £ inVOlV " fxxalion in L5 L ^ 50% ethal 
Lrh n o t p f ho ^ bonc acid for 2h, three 30 min washes, 

t?h i i?L C ° ld tap Waler ' and transfcr t0 1.5 L of 34% 
me hano 17% ammonium sulfate and 2 % phosphoric acid 
for 1 h, followed by the addition of a gram of powdered Col 
massie Blue G-250 stain. Staining requires approximately? 
cays to reach equilibrium intensity, whereupon Tels are 
transferred to cool Up water and theiisurfaces riSsfd to re. 
move any particulate slain prior to scanning. Gels may be 
kept for several months in water with added sodium azidV 
The water washes remove ethanol that would dissolve the 
I ™„ ( h"2 £ " SySlCm nonco »oidal, with high back- 
grounds). The concentrated ammonium sulfate and meS- 
anol solution is diluted by equilibration with the water vS- 
ume of the gels to automatically achieve the correct final 
concentrations for colloidal staining. Practical advantages 
of this staining approach can be summarized as follows- (i) 
the low, flat background makes computer evaluation of 
srnal spots (max OD < 0.02) possible, especially when 
us ng laser densitometry; (ii) up to 1500 spots can be reli- 
ably delected on many gels rat liver) at loadings low 
enough to preserve excellent resolution; and (Hi) re£odu- 
ability appean to be very good: at least several hundred 
spots have coefficients of reproducibility less than 15%. 
This value is at least as good as previous CBB methods, and 
significantly better than many silver stain systems. 

2.4 Positional standardization 

rCPK??.I««SS?i«| bbit mUS w e Crcatine PhosPbokinase 
*™\ S landards (32 1 are Purchased from Pharmacia and 
BDH. Amino ac.d compositions, and numbers of residues 
present in proteins used for internal standardization are 
taken from the Protein Identification Resource fPIltt se- 
quence database [33]. 1 ' 



" This material (succeeding certified batches of which are available from 
Hoefer Scientific Instruments) has the most linear pH fradiem oro- 
duced by any ampholyte tested except for the Pharmacia wide range 
(which has an unacceptable tendency to bind high-molecular weight 
acidic proteins, causing them to streak). 



Stained slab gels are di E itized in red light at 134 micron re- 
solution, using either a Molecular Dynamics laser scanner 
(with pixel sampling) r an Eik nix 78/99 CCD scanner 
Raw digitized gel images are archived n high-density DAT 
tape (or equivalent storage media) and a greyscale video- 
print prepared fr m the raw digital image as bard-copy 
backup of the gel image. Gels are processed using the Kep- 
ler* software system (produced by LSB), a commercially 
available workstation-based software package built n 
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some of Ihc principles of the eaTlier TYCHO system [34— 
41], Procedure PROC008 is used 10 yield a spotlist giving 
position, shape and density information for each detected 
spot. This procedure makes use of digits] filtering, mathe* 
' maiical morphology techniques and digital masking to re- 
move the background, and uses full 2-D least-squares opti- 
mization to refine the parameters of a 2-D Gaussian shape 
for each spot. Processing parameters and file locations are 
stored in a relational database, while various log files detail- 
ing operation of the automatic analysis software are ar- 
chived with the reduced data. The computed resolution and 
level of Gaussian convergence of each gel are inspected 
and archived for quality control purposes. 

Experiment packages are constructed using the Kepler ex- 
periment definition database to assemble groups of 2-D 
patterns corresponding to the experimental groups (e.g., 
treated and control animals). Each 2-D pattern is matched 
to the appropriate "master" 2-D pattern (pattern 
F344MST3 in the case of Fischer 344 rat liver), thereby 
providing linkage to the existing rodent protein 2-D data- 
bases. The software allows experiments containing hun- 
dreds of gels to be constructed and analyzed as a unit, with 
up to 100 gels displayed on the screen at one time for com- 
parative purposes and multiple pages to accommodate ex- 
periments of > 1000 gels. For each treatment, proteins 
showing significant quantitative differences vs. appropriate 
controls are selected using group-wise statistical parame- 
ters (e.g.. Student's t-test, Kepler* procedure STUDENT). 
Proteins satisfying various quantitative criteria (such as P< 
0.001 difference from appropriate controls) are repre- 
sented as highlighted spots onscreen or on computer-plot- 
ted protein maps and stored as spot populations (i.e., logi- 
cal vectors) in a liver protein database. Quantitative data 
(spot parameters, statistical or other computed values) are 
st red as real-valued vectors in the database. Analysis of co- 
regulation is performed using a Pierson product-moment 
correlation (Kepler procedure CORREL) to determine 
whether groups of proteins are coordinated regulated by 
any of the treatments.Such groups can be presented graphi- 
cally on a protein map.and reported together with the statis- 
tical criteria used to assess the level of coregulation. Multi- 
variate statistical analysis (*.g., principal components' ana- 
lysis) is performed on data exported to SAS (SAS Institute). 

2.6 Graphical data output 

Graphical results are prepared in GKS and translated 
within Kepler* into output for any of a variety of devices. 
Linedrawing output is typically prepared as Postscript and 
printed on an Apple LaserWriter. Detailed maps presented 
here have been generated using an ultra-high-resolution 
Postscript-compatible Linotronic output device. Greyscale 
graphics are reproduced from the workstation screen using 
a Seikosha videoprinter. Patterns are shown in the standard 
orientation, with high molecular mass at the top and acidic 
proteins to the left 

2.7 Experiment LSBC04 

In the study described here 12-week-old Charles River 
male F344 rats were used. Diets were prepared at LSB, 
based on a Purina 5755 M Basal Purified Diet. Lovastatin 
and cholestyramine were obtained as prescription pharma- 



ceuticals, ground and mixed with the diet at concentrations 
of 0.075 % and 1 %, respectively. The high cholesterol diet 
was Purina 5801M-A (5% cholesterol plus 1 % sodium etio- 
late in the control diet). Animal work was carried out by Ml* 
crobiological Associates (Bethesda,MD). Animals were ac- 
climatized for one week on the control diet, fed test or con- 
trol diets for one week, and sacrificed on day 8. Average 
daily doses of lovastatin and cholestyramine in appropriate 
groups were 37 rog/kg/day and 5 g/kg/day, respectively, 
based on the weight of the food consumed. Liver samples 
were collected and prepared for 2-D electrophoresis accord- 
ing to the standard liver protocol (homogenization in 8 
volumes of 9 m urea, 2% NP-40, 0J% dithiothreitol, 2% 
LKB pH 9—11 carrier ampholytes, followed by centrifuga- 
tion for 30 min at 80000 X g). Kidney, brain and plasma 
samples were frozen. Gels were run as described above, 
and the data was analyzed using the Kepler* system. Gels 
were scaled, to remove the effect of differences in protein 
loading, by setting the summed abundances of a large num- 
ber of matched spots equal for each gel (linear scaling). 



3 Results and discussion 

3.1 The rat liver protein 2-D map 

F344MST3 is a standard 2-D pattern of rat liver proteins, 
based on the Fischer 344 strain. This pattern was initiated 
from a single 2-D gel and extensively edited in an experi- 
ment comparing it to a range of protein loads, so as to in- 
clude both small spots and well-resolved representations of 
high-abundance spots. More than 700 rat liver 2-D patterns 
have been matched to F344MST3 in a series of drug effects 
and protein characterization experiments, and numerous 
new spots (induced by specific drugs, for instance) have 
been added as a result. A modified version including addi- 
tional spots present in the Sprague-Dawley outbred rat has 
also been developed (data not shown). Figure 1 shows a 
greyscale representation and Fig. 2 a schematic plot of the 
master pattern. More than 1200 spots are included, most of 
which are visible on typical gels loaded with 10 uLof solubi- 
Iized liver protein prepared by the standard method and 
stained with colloidal Coomassie Blue. Master spot num- 
bers (MSN's) have been assigned to all proteins, and ap- 
pear in the following figures, each showing one quadrant of 
the pattern. Figure 3 shows the upper left (acidic, high 
molecular mass) quadrant, Fig. 4 the upper right (basic, 
high molecular mass) quadrant, Fig. 5 the lower left (acidic, 
low molecular mass) quadrant, and Fig. 6 the lower right 
(basic, low molecular mass) quadrant. The quadrants over- 
lap as an aid to moving between them. The gel position (in 
100 micron units), isoelectric point (relative to the CPK in- 
ternal p/standards) and SDS molecular mass (from the cali- 
bration curve in Fig. 8) are listed for each spot (Table 1). Be- 
cause of the precision of the CPK-p7 values, these parame- 
ters can be used to relate spot locations between gel sys- 
tems more reliably than using p/ measurements expressed 
as pH. A major objective of current studies is the identifica- 
tion of all major spots corresponding to known liver pro- 
teins, as well as rigorous definitions of subcellular orga- 
nelle contents. Of particular interest to us is the parallel de- 
velopment of identifications in the rat and mouse liver 
maps, allowing detailed comparisons of gene expression ef- 
fects in the two systems. The results of these studies will be 
presented systematically in a later edition of this database, 
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but we include here a useful series of 22 orienting identifi- 
cations as an aid to other users of the rat liver pattern (Table 
2)« 
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^coordinate, a isS11.83,*isHtf731 and eis 33183801 Tbt 
resulting fit appears to be fairly good over a broad Snieof 
molecular mass. w 



3 2 Carbamylated ebarje standards, computed p/s and 23 of liver gene reflation: Qolesteml 

molecular mass standardization metabolism 



We have previously shown that the use of a svstern of close- 
ly-spaced internal pi markers (made bv carbamvlatine" a 
basic protein) ofTers an accurate and workable solution to 
the problem of assigning positions in the p/ dimension (321 
The same system, based on 36 protein species made bvcar- 
bamylating rabbit muscle CPK, has been used here to as- 
sign prs to most rat liver acidic and neutral proteins The 
standards were coelectrophoresed with total liver proteins 
and the standard spots added to a special version of the 
master pattern F344MST3. The gel JT-coordinates of all 
liver nrotein snots I vine within the CW rH*r«o 



Experiment LSBC04 was designed as a small-scale test of 
the reflation of cholesterol metabolism in vivo by three 
agents included in the diet: lovastatin (Mevacor*. an inhibi- 
tor of HMG-CoA reductase); cholestyramine (a bile acid 
seeuestrant that has the effect of removing cholesterol 
from the gut-liver recirculation); and cholesterol itself The 
firsttwo agents should lower available cholesterol and the 
third should raise it, allowing manipulation of relevant 
gene expression control systems in both directions. Such 
am y\™» ""'■"".•" L . ,ut « C1 ^-coorom£tes of all an experiment offers an interesting test of the 2-DmaDDin» 
•er protein spots lying wahin ihe CPK charge train were f > slem si "« ™« of the pathway enzymes are present in 
en transformed into CPK pi posmons by inierpolaiion low Sundance, many are membrane-bound and difficult 

- " ! '-" " '7 0 ,t b "^' a ^ the P alhwa y il "^complex.A PP roS 

lely 1000 proteins were separated and detected in liver ho- 
mogenates.Twemy-one proteins were found to be affected 
by at least one treatment, and these could be divided into 
several coregulated groups. 
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then transformed row »_j-js. pi positions by inierpolaiion 
between the positions of immediately adjacent standards 
(Table 1) using a Kepler* vector procedure. 



It has proven possible lo compute fairly accurate p/ values 
for many proteins from the amino acid composition (421 
We have attempted here to test a further elaboration of this' 
approach, in which we computed p/s forthe CPK standards 
themselves, based on our knowledge of the rabbit muscle 
CPK sequence and the fact that adjacent members of the 
charge train typically differ by blockage of one additional ly- 
sine residue (Table 3). We compared these value* to «imilar 
computed p/s for an additional set of carbamvlaied stand- 
ards made from human hemoglobin beta chains and a se- 
ries of rat liver and human plasma proteins of known posi- 
tion and sequence (Fig. 7,Table 4).The result demonstrates 
good concordance between these systems. Two proteins 
show significant deviations: liver fatty-acid binding protein 
(FABP; #1 in Table 4) and protein disulphide isomerase 
(*20 in the table). The FABP spot present on F344MST3 
may represent a charge-modified version of a more basic 
parent spot closer to the expected pi, not resolved in the 
1EF/SDS gel. Of particular importance is the fact that by 
comparing computed p/s of sequenced but unlocated pro- 
teins with the CPK p/s, we can assign a probable gel loca- 
tion without making any assumptions regarding the actual 
gel pH gradient. This offers a useful shortcut, given the va- 
garies of pH measurement on small diameter 1EF gels We 
have used this approach lo compute the CPK p/s of all rat 
and mouse proteins in the PIR sequence database, as an aid 
to protein identification (data not shown). 

In order to standardize SDS molecular weight (SDS-MW) 
we have used a standard curve fitted to a series of identified' 
proteins (Fig. 8). Rather than using molecular mass per st 
we have elected to use the number of amino adds in the' 
polypeptide chain, as perhaps a better indication of the 
length f the SDS-coated rod that is sieved by the second 
dimension slab. The resulting values were multiplied by 
112 (the weighted average mass of amino acids in se- 
quenced proteins) to give predicted molecular masses Be- 
cause we use gradient slabs, we have not constrained the fit- 
ted curve to conform to any predetermined model; rather 
we tried many equations and selected the best using the 
program "Tablecurve" on a PC. The equation chosen was v 
=a+tor+c/r,where/is the numberof residues,* is the gel 



3.3.1 MSN 413 (putative eytosolic HMG-CoA synthase) 
and sets of spots regulated coordinate^ or'inverseh/ 

° r C o spots deluding a spot assigned to the cyto- 
sohc HMG-CoAsynthase,MSN 413) showed the expeTed 
increase in abundance with lovastatin or cholestyramine, 
he synergistic further increase with lovastatin and choles' 

d^To,' 8 k am A U . d l crease uith * e hi * h cholesterol 
d.et. Spot number 413 is the most strongly regulated pro- 
tein in the present experiment, showing a 5- to 10-fold in- 
duction aftera 1 week treatment with 0.075 % lovastatin and 
1 % cholestyramine in the diet (Figs. 9 and 10). Its expres- 
sion follows precisely the expectation foran enzyme whose 
abundance is controlled by the cholesterol level- it is D ro- 
gressively increased from the control levels by cholestyra- 
mine, lovastatin and lovastatin plus cholestyramine, and it 
sinks below the threshold of detection in animals fed the 
high cholesterol diet.This spot has been tentatively identi- 
fied as the eytosolic HMG-CoA synthase, based on a reac- 
tion with an antiserum to that protein provided by Dr Mi- 
chael Greenspan at Merck Sharp & Dohme Research Labo- 
ratories. This enzyme lies immediately before HMG-CoA 
reductase in the liver cholesterol biosynthesis pathway and 
is known to be co-regulated with it. Spot 413 has an SDS 
molecular weight of about 54 000 and a CPK pi of -1 1 4 in 
reasonably close agreement with a molecular weight' of 
57300 and a CPK p/of -15.7 computed from the known se- 
quence of the hamster enzyme [43]. 

Using a classical product-moment correlation test (Kenler 
procedure CORREL), a series of five additional spots was 
found to be coregulated with 413. The level of correlation 
was exceedingly high O 95%). Two of these, 1250 and 933 
are at similar molecular weights and approximately one* 
charge more acidic than 413 (Fig. 9), indicating that they 
may be covalently modified forms of the 413 polypeptide 
This suspicion is strengthened by the observati nthatb tb 
spots are also stained by the antibody to eytosolic HMG- 
CoA synthase.The remaining three correlated sp ts appear 
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to comprise an additional related pair (1253 and 1001) of 
around 40 kDa and a single spot (1119) of around 2S kDa. 
Because these two presumed proteins are present at sub- 
stantially lower abundances than 413, and because the cyto- 
solic HMG-CoA synthase is reported to consist of only one 
type of polypeptide, they arc likely to represent other, very 
tightly coregulated enzymes. A second group of six spots 
was selected based on a regulatory pattern close to the in- 
verse of that for spot 413 (MSN's 34, 79, 178, 182, 204, 347; 
data not shown). For these proteins, the lowest level of ex- 
pression occurs with exposure to lovastatin plus cholestyra- 
mine and the highest level upon exposure to the high-cho- 
lesterol diet. Spots 182 and 79 are highly corrected and lie 
about one charge apart at the same molecular weight; they 
may thus be isoforms of a single protein. The other four 
spots probably represent additional enzymes or subunits. 

332 MSN 235 and coregulated spots 

A third group of five spots, mainly comprised of mitochon- 
drial proteins including putative mitochondrial HMG- 
CoA synthase spots, showed a modest induction by lovasta- 
tin alone, but little or no effect with any of the other treat- 
ments (including the combination of lov2statin and choles- 
tyramine; Fig. 12). This result is intriguing because lovasta- 
tin was expected to affect only the regulation of enzymes of 
cholesterol synthesis, which is. entirely extr£-mitochon- 
driaj. ThTee of the spots (235, 134, 144) form a closely, 
packied triad at approximately 30 kDa, and are likely to re- 
present isoforms of one protein. All three spots are stained 
by an antibody to the mitochondrial form of HMG-CoA 
synthase obtained from Dr. Greenspan. Subcellular fractio- 
nation indicates a mitochondrial location. The other two 
spots (633 at about 38 kDa and 724 at about 69 kDa) are 
each present at lower abundance than the members of the 
triad. 

333 An example of an anti-synergistic effect 

A sixth spot (367) shows strong induction by lovastatin 
(two- to threefold), and about half as much induction with 
lovastatin plus cholestyramine, but without sharing the ani- 
mal-animal heterogeneity pattern of the 235-set (Fig. 13). 
This protein is also mitochondrial, and represents the clear- 
est example of an anti-synergistic effect of lovastatin and 
cholestyramine. The existence of such an efTect demon- 
strates that lovastatin and cholestyramine do not act exclu- 
sively through the same regulatory pathway. 

33.4 Complexity of the cholesterol synthesis pathway 

Taken together, these results suggest that treatment with lo- 
vastatin alone can affect both cytosolic and mitochondrial 
pathways wing HMG-CoA, while cholestyramine, on the 
other band, either alone or in combination with lovastatin, 
produces a strong effect on the putative cytosolic pathway, 
but little or no effect on the putative mitochondrial path- 
way. An explanation for this difference may lie in lovasta- 
tin's effect on levels of HMG-CoA and related precursor 
compounds that are exchanged between the cytosol and 
the mitochondrion, whereas cholestyramine should affect 
only the cytosolic pathways directly controlled by cholester- 
ol and bile acid levels.lt remains to be explained why some 



proteins of the putative mitochondrial pathway are so 
much more variable is their expression in all groups. An ex- i ~ 
amination of all the coregulated groups suggests that quan- 
titative statistical techniques can extract a wealth of inter- 
esting information from large sets of reproducible gels.The 
abundance of spots in the 413 coregulation group, for exam- 
ple, shows an amazing level of concordance in their relative 
expression among the five individuals of the lovastatin and 
cholestyramine treatment group. This effect is not due to 
differences in total protein loading, since they have already 
been removed by scaling, and since proteins with quite dif- 
ferent regulation patterns can be demonstrated (e.g.. Fig. 
13). Such effects raise the possibility that many gene coregu- 
lation sets may be revealed through the study of a suffi- 
ciently large population of control animals (i.e., without 
any experimental manipulation). This approach, exploiting 
natural biological variation in protein expression instead of 
drug effects, offers an important incentive for the construc- 
tion of a large library of control animal patterns. 



4 Conclusions 

Because of the widespread use of rat liver in both basic bio- 
chemistry and in toxicology, there is a long-term need for a 
comprehensive database ofliver proteins. The rat liver mas- 
ter pattern presented here has proven to be an accurate re- 
presentation of this system, having been matched to more 
than 700 gels to date. As the number of proteins identified 
and the number of compounds tested for gene expression 
effects grows, we expect this database to contribute valu- 
able insights into gene regulation. Its practical utility in sev- 
eral areas of mechanistic toxicology is already being de- 
monstrated. 

Received September 11, 1991 
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Figyrr L Synthetic representation of the standard rat liver 2-D master pattern, rendered as a greyscale image 
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fUm 3. Upper left (high molecular weight, acidic) quadrant (#1) of the rat liver map, showing spot numbers. 
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Faun l Plot of number of amino acids versus gel /-position with fitted 
curve used to predict molecular mas, ^uJLsS^S^ 
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4 Figure 7. (a) Plot of computed isoelectric point versus eel X-posiiioa Tor 
two sets of «rb.mvl.«ed suoderd protein, (rabbit muscle CPK W«J 
human hemogiobm PAw,. filled di.monds) end several other pio eta! 
(shaded squares). (b)The identities of the various proteins reprWwed 

tl m V 8 ' nd i. M,ed by numbe " iB corresponding Sow 

od (a); these refer to Table 4. 
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f^vff 9. Montage showing eflectt in the 
region of MSN:413.The montage shows a 
small window into one portion of the 2-D 
pattern, one row of windows for each expe- 
rimental group, and one panel for each gel 
in the experiment. The left-most pattern 
in each row is a group-specific copy of the 
master pattern followed by the pasterns 
for the five individual rats in the group. 
The highlighted protein spots (filled circ- 
les) are spot 413 (on the right of each pan- 
el; identified as cytosolic HMG-CoA syn- 
thase) and two modified forms of it (1250 
and 933). From the top, the rows (experi- 
mental groups) are: high cholesterol, con- 
trols, cholestyramine, lovastatin,and love* 
statin plus cholestyramine. 
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figure J0. Bargraph th owing the quantita- 
tive effects of various treatments on the 
abundance of MSN:4i3 (cytosolic HMG- 
CoA synthase) in the gels of Fig. 9. 




Figure IL Bargraphs of a series ofsix core- 
gulated spots including MSN:413. In the 
bargraphs. the abundances of the appro- 
priate spot (master spot number shown at 
the top of the panel) in each animal are 
shown. The five five-animal groups are in 
the order (left to right): high cholesterol, 
controls, cholestyramine, lovuutin, and 
lovastatin plus cholestyramine. Each bar 
within a group represents one experimen- 
tal animal liver (one 2-D gel). Note the cor* 
related expression of the 6 spots, espe- 
cially in the two far right (most strongly in- 
duced) groups. 
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figure 12. Data on a second coregulated 
group of spots, presented as in Fig. J 1. The 
fourth experimental group (lovastatin) 
shows a modest induction, while the fifth 
group (lovastatin plus cholestyramine) 
does noL 




Figure JS. Data on spot MSN:367, presented as in Fig. 11. This protein 
shows unambiguously the anti-synergistic effect of lovastatin and choles- 
tyramine (fifth group) as compared to lovastatin (fourth group). This res- 
ponse contrasts strongly with the regulation pattern seen in Fig. U. 



7 Addendum 2: Tables 1-4 

Table 1. Muter uble of proteins in the rat liver database" 



B«»buc of rat liver pfottat 923 



MSN 



Y CPKDl SOSMW 



3 911 434 «45.0 63.600 
5 568 263 -24J 102.900 

• 612 426 -16.0 64.600 
11 640 266 -25.2 101.000 

IS 846 520 -15 J 55,200 

17 629 586 -21.6 50,000 

18 906 414 -14.0 66,300 

19 755 296 -173 90,200 

20 649 403 -20.9 67,900 

21 1204 448 4.7 62,100 

22 332 434 «45.0 63,800 

23 787 424 -16.6 65,000 

24 318 417 «45.0 66.000 

25 807 516 -16.1 55 500 

27 1184 524 -9.0 54,900 

28 1263 446 -8.0 62.400 

29 743 605 -17.8 49.000 

30 766 112 -17.2 348.600 
32 1216 417 -8.6 66,000 
•33 1145 445 -9.5 62.500 

34 1037 556 -11.3 52.400 

35 663 412 -14.9 66,600 

36 712 606 -18.7 46,900 

38 763 694 -17 J 43.800 

39 304 470 <-3S.O 59.800 

41 1165 569 -9.2 51.400 

42 684 607 -19.6 46.800 

43 1316 589 -7.3 50.000 

44 1624 362 -0.1 74.600 

46 1203 586 -8.7 50.200 

47 1391 447 -6.3 62.300 
46 309 454 «45.0 61.500 

49 605 587 -22.5 50.100 

50 621 535 -21 J 53.900 

51 1113 522 -10.0 55.000 

52 1820 499 -0.9 57.000 

53 725 177 -18.3 170.800 

54 2001 500 >0.0 56.900 

55 722 830 -18.4 37,300 

56 678 533 -19.6 54.100 

57 1682 302 -2.5 89.000 

58 1091 560 -10 J 50.600 

59 1171 565 -9.2 50.300 

60 1400 624 4* 47.800 

61 1653 508 4.6 56.200 

62 1866 567 -0.4 51,500 

65 735 297 -18.1 90.500 

66 1263 312 -6.0 85.900 

67 1252 407 4.1 67.300 
66 779 602 -16.6 43.900 
66 1064 296 -10.6 90,800 

71 656 569 -20.6 50.000 

72 636 545 -21.2 53.100 

73 1582 583 -3.6 50.400 

74 1570 556 -3 J 52.300 

75 1264 621 4.0 46.000 

76 1338 564 -7.0 51,800 

77 1833 363 4.8 74 400 

78 1767 565 -1.5 51.700 

79 925 736 -13.6 41.600 

80 534 696 -26.1 43.600 

81 1811 363 -1.0 74 500 

82 1412 661 4.0 44.500 

83 1471 347 4.0 77,500 

84 1662 563 -2.7 51.600 
65 1596 479 4.4 56,900 

86 1617 301 4.9 89,100 

87 516 1371 -27.0 17.400 
68 1569 698 4.5 43 600 
89 1706 719 -2.2 42*500 
00 651 329 -20.8 61.700 

91 1415 710 4.0 43 000 

92 1773 545 -1.4 53*200 

93 1336 446 -7.0 62,300 

94 1706 696 -2-2 43 700 



MSN 


X 


Y 


95 


1119 


536 


96 


1731 


756 


97 


1033 


566 


96 


1406 


565 


99 


576 


1149 


100 


2004 


538 


101 


1106 


623 


102 


462 


455 


103 


665 


630 


104 


773 


1182 


105 


312 


1117 


106 


1766 


506 


107 


1565 


720 


106 


1662 


607 


109 


1462 


593 


110 


778 


516 


111 


1728 


700 


113 


1191 


660 


114 


1298 


165 


115 


662 


907 


116 


1146 


610 


117 


1546 


649 


116 


1050 


577 


120 


1530 


626 


121 


636 


423 


122 


1572 


712 


123 


23 


1433 


124 


621 


1474 


125 


1298 


862 


126 


672 


921 



Y CFKol SOSMW 



53.800 
40.700 
51,600 
51,700 
25.000 
53,700 
47,900 
61,300 
37,300 
23.600 
26.100 



-3.6 
-2.4 



-2.0 



-4.1 



-15.4 



7.5 
14.7 



127 1000 717 .12.0 

128 1229 311 

129 1422 832 -5.6 

130 1776 499 .1.4 

131 1930 757 4.1 

132 660 537 -20.4 

133 666 1019 -20.2 

134 1271 862 -7.9 ««« 

135 1161 1389 4.3 icjoOC 

136 453 1063 -29 7 

137 1656 623 

138 1504 697 

139 I486 707 

140 1689 756 



37.30C 
57.000 
40.700 
53.600 
29.700 
36.000 



4.6 
-4.6 
-4.6 
-2.4 



141 311 1417 O5 0 

142 1366 915 4 7 

143 1429 346 4 7 
1*4 615 1017 -221 

145 2006 566 >00 

146 2006 518 >0 0 



26.100 
37,700 
43.700 
43,200 
40,700 
15,800 
33.600 
77,900 
29.800 
51,600 
55.300 



147 1070 1106 -10.7 261500 



146 1347 576 

149 541 1481 

150 1645 760 



4.9 

-25.7 



170 IS 

171 800 378 

172 476 956 

173 919 1314 



760 


-2.6 


236 


-7.9 


911 


-4.5 


446 


-2.1 


503 


-13.5 


294 


-11.4 


664 


>0.0 


183 


4.1 


417 


-7.8 


620 


-2.6 


527 


-11.4 


771 


>0.0 


1462 


-11.6 


606 


-3 8 


565 


4.2 


161 


-7.0 


563 


-4.6 


676 


-7.0 


541 


>0.0 


378 


-16 J* 


958 


•28.7 


1314 


•13.7 



50,800 
13.700 
40,500 
117.000 
33.900 
62.100 
56.600 
91.400 
44,400 
162,400 
65.900 
37,600 
54,600 
40.000 
13.700 
36.400 



50.400 
44,700 
53.500 
71.600 
32.100 
19.300 



MSN 



42£00 


188 


1538 


38,300 


191 


1560 


46.700 


192 


1818 


55.500 


193 


1469 


43,500 


194 


1360 


44.500 


195 


784 


160.800 


196 


1227 


34,100 


197 


667 


48.700 


196 


2006 


36,500 


199 


1711 


50.800 


200 


872 


37.400 


201 


292 


65,200 


202 


736 


42.900 


203 


786 


15,300 


204 


1224 


13.900 


205 


439 


36.000 


206 


1994 


33.50C 


207 


1695 


42.600 


206 


240 



V 


CPKdI 


SOSMW 


183. 


4l7 


162,000 ' 


393 


-15.7 


69.300 


553 


44 




710 


•7.2 


43 000 


615 


-10.4 


48.300 


567 


43 


51 80S 


295 


42.1 


91,200 


730 


•16.2 


42.000 


896 


4.6 


34.500 


1017 


>0.0 


29,800 


1113 


<-35.0 


26X0 


296 


-17.0 


90.600 


807 


•4.2 


38.400 


674 


4.9 


44.900 


687 


4.9 


44.200 


555 


-5.0 


52.400 


266 


4.4 


101.600 


632 


-16.7 


47X0 



£? ! 2 -« 57:000 

902 S17 -14.1 55 400 

213 1067 684 -10.4 44.400 

214 1340 666 -7.0 45200 

215 1581 485 .3.5 57300 

216 1565 755 -3.6 40 700 

217 1150 383 W J0O 

2IS m 25 135 «5o 

T£> ,11?, 177 - 18 - 7 170.SOO 

220 H?8 611 .4.9 33 800 

221 »65 827 -12.8 X!MO 
223 834 716 -13.5 42 700 

225 1612 1045 -1.0 Se» 
2» «21 411 .,5.8 «B00 
227 1586 1483 ,3.6 nSOO 

226 1065 567 -10.6 516CO 
f» 1577 890 -3.7 34 MO 
230 145B 486 -5.2 57300 



232 


1440 


649 


4.5 


234 


1692 


489 


•2.4 


235 


618 


1004 


-22.0 


236 


820 


1138 


-13.7 


237 


952 


1006 


-13.1 


238 


1611 


541 


4.2 


239 


1469 


720 


-4.6 


240 


501 


446 


-27.7 


241 


1620 


569 


4.9 


242 


1357 


656 


4.6 


243 


711 


1162 


-16.7 


244 


1855 


621 


4.6 


245 


1169 


474 


4.9 


246 


551 


459 ' 


-25.1 


247 


1346 


604 


4.9 


248 


460 


446 


-29.3 


249 


1733 


451 


-1.9 


250 


1974 


788 


>0.0 


251 


806 


392 


-16.1 


252 


674 


553 


•14.6 


253 


753 


848 


-17.6 


254 


995 


450 


-12.1 


255 


1690 


679 


-2.4 


256 


994 


1006 


-12.1 


257 


506 


464 


-27.4 


258 


1517 


820 


-4.4 



23,800 



61.000 



"7 — • — "** MUPascsnOWJOg tpot mj 

predicted molecular mass (from the standard curve of Ft*. 8). 



924 



t Aadcnoa nmL 



£k*»pkm*ii mu U 90M90 



MSN 



Y CPKDI 505MW 



MSN 



Y CPKpt SDSMW 



MSN 



Y CPKol SOSMW 



250 1796 961 

960 661 1361 

261 172S 679 

262 496 1127 

263 1063 172 

265 1390 673 

266 510 437 

267 660 1038 

268 430 961 

269 1044 606 

270 2019 853 

271 857 422 

272 895 968 

274 1292 712 

275 1350 590 

276 1670 1089 

277 688 538 
961 718 
879 570 

1848 1064 

282 1505 525 

283 1313 1147 

284 1314 

285 1332 
266 1277 

288 1391 

289 1147 
925 



278 
279 
281 



290 
291 

292 1462 



829 
408 

652 
624 
579 
511 



787 1476 
816 



293 


531 


449 


294 


660 


696 


295 


1162 


609 


296 


216 


814 


297 


1377 


979 


299 


913 


1523 


300 


2012 


667 


301 


702 


178 


302 


494 


1280 


303 


403 


1008 


304 


1843 


1565 


305 


1049 


593 


306 


1606 


969 


307 


1219 


916 


306 


1627 


755 


309 


1524 


892 


310 


1769 


1028 


311 


1609 


1451 


312 


266 


1408 


313 


1902 


1365 


314 


1316 


1395 


315 


1341 


523 


316 


1104 


1053 


320 


1480 


1459 


321 


650 


603 


322 


1454 


1494 


323 


670 


626 


324 


655 


101 


325 


1521 


675 


326 


1567 


677 


327 


1388 


409 


328 


446 


1291 


330 


1608 


751 


331 


1566 


697 


332 


531 


471 


333 


784 


1156 


334 


1059 


407 


335 


1593 


303 


336 


1616 


596 



338 1854 1004 

339 1265 688 

340 581 565 

341 1497 1047 

343 1351 265 

344 1813 549 



•1.1 
-20.4 
■2.0 
•28.0 
-104 
•64 
-274 
-20.4 
-31.0 
-11.2 
>0.0 
•15.0 
-14.2 
-7.6 
•6.9 
-2.6 
-19.4 
-13.0 
•14.5 
-0.7 
•4.6 
-7.3 
•7.3 
•7.1 
-74 
-6.3 
-6.5 
•13.6 
-16.6 
•5.1 
-26.3 
•14.9 
-94 
«-35.0 
-6.5 
-13.9 
>0.0 
-19.0 
•28.1 
•32.6 
-0.7 
-11.1 
-3.3 

-64 

-3 J) 
-4.4 
•1.5 
-3.3 
<-35.0 
-0.3 
•74 
-7.0 
-10.1 
-4.9 
-15.1 
•5.3 
-20.0 
-20.6 
-4.4 
-3.6 
-64 
•30.0 
-34 
-3.8 
•264 
•16.7 
-10.9 
-3.5 
-3.2 
-0.6 
4.0 
•23.6 
-4.7 
-64 
-0.9 



31.900 
17.700 
44,600 
25400 
177.400 
45.000 
63.400 
29.000 
31.600 
46,900 
36400 
65400 
31.700 
42400 
49,900 
27.100 
53.700 
42.600 
51400 
27.300 
54.800 
25.100 
37.400 
67.200 
46.100 
37.600 
50.700 
55.900 
13.900 
37.800 
62.000 
43.600 
46.700 
36.000 
31.300 
12.400 
45,300 
169400 
20.400 
30,100 
10.300 
49.800 
30,900 
33.700 
40.700 
34,700 
29,400 
14,700 
16,100 
17.600 
16.600 
54.900 
28.500 
14,400 
49.100 
13400 
47.700 
420,500 
444Q0 
44,700 
67.000 
20,100 
40.900 
43,700 
59,600 
24.700 
67400 
88.500 
46,400 
30.300 
34.900 
50,300 
28,700 
102.200 
52.600 



346 1006 
346 1095 
625 
361 



347 
348 
349 

350 

351 912 

352 1574 



-11.9 
•104 
-21.7 
-354 



353 
354 



578 
640 
728 
963 

110 1343 «.35.o 
521 1130 -26.7 
619 
530 
912 
762 
630 



961 
706 

355 1450 

356 1374 1152 

357 474 967 
796 
764 

360 1384 1068 

361 1713 769 

362 1161 
914 
412 
741 



356 
359 



346 
336 



363 
364 
365 
366 



859 
1156 
435 
466 



367 1560 
366 963 



676 1503 
835 



369 
370 
371 



434 

639 
1587 



372 1875 

373 1351 

374 1506 

375 1823 



376 
377 
378 



254 
1409 
621 



520 
441 

610 
860 
762 
1059 
715 
532 



-134 
<3.7 
-12.9 
-18.9 
-54 
-6.5 
-28.7 
-16.3 
-174 
-6.4 
•2.1 
-64 
-13.6 
-32.0 
-17.9 
-14.6 
-3.6 
•12.4 
-31.0 
-214 
-3.6 
-0.5 
-64 
-4.6 
•0.9 



417 <-35.0 
563 -6.1 



379 1017 

381 853 

382 856 

363 1252 

364 1699 

365 1042 

386 1490 

387 1554 



386 
389 



494 

595 
596 
674 
256 
1518 
493 
563 
603 



1163 
1374 



390 1456 

391 718 

392 1799 

393 1462 



394 

395 1530 



902 
969 
690 
732 
758 

1227 1461 



396 1410 

397 912 

399 1465 

400 1473 
401 
403 
404 



577 
755 
256 
1063 
450 

1029 1140 



1516 
1495 



405 152S 

406 723 

409 650 

410 1501 



411 
412 

413 1033 
416 737 



754 
554 
1092 
252 
663 
478 

936 1057 
350 1120 
538 



425 
606 
496 
482 

770 

420 1269 1041 
1171 
599 
929 
739 



416 1578 

417 646 

418 1695 

419 725 

i 

421 
422 
423 
424 
425 1490 



912 
162 
856 
625 
965 



-214 
-11.7 
-13.1 
-15.0 
-8.1 
-24 
-114 
-4.7 
-4.0 
4.9 
•6.5 
-54 
•164 
-1.1 
-44 
-8.4 
-44 
-6.0 
-13.9 
-5.0 
-4.9 
-11.5 
-4.4 
-4.7 
-44 
-18.4 
•20.8 
-4.6 
•13.4 
-35.9 
•11.4 
•18.0 
•3.7 
•21.0 
•24 
•184 
•7.7 
•9.1 
•22.8 
-13.6 
-17.9 
-4.7 



50.600 
46.600 
42.000 
31.100 
18.300 
25.700 
46.100 
54.300 
33,900 
40.400 
37400 
24,900 
30.600 
77.800 
79.400 
27,900 
40.100 
36.100 
24,800 
63.700 
58400 
13,000 
33,000 
55.200 
63.000 
48.700 
36,100 
40.400 
28.300 
42.700 
54.200 
65,900 
50.400 
57,500 
49,600 
49,400 
44,900 
105.300 
12.500 
57.500 
50.400 
49.100 
67.700 
34.300 
31.700 
44,000 
41.900 
40,600 
14.400 
50,800 
40.800 
106,400 
28.100 
61.900 
25.300 
40,800 
52.500 
27,100 
108.000 
45.500 
59,000 
28.300 
26.000 
53.700 
64.900 
48,900 
57,300 
58.600 
40,000 
28.900 
33.900 
193.700 
36.200 
47.700 
31.800 



4«D 


1296 


704 


JM 

427 


610 


643 


4a 


1565 


303 


49 


1250 


847 


430 


1253 


562 


4.11 


734 


1426 


432 


483 


433 


434 


516 


1041 


435 


1020 


1170 


436 


1122 


196 


437 


1870 


673 


438 


435 


1102 


439 


66 


847 


440 


1740 


544 


441 


599 


1571 


443 


743 


335 


446 


801 


668 


447 


1050 


926 


446 


1245 


1296 


449 


1576 


1516 


450 


1818 


1021 


451 


1094 


440 


452 


1645 


802 


453 


1652 


894 


454 


1403 


500 


456 


1394 


718 


457 


905 


436 



459 
460 
461 
462 
463 
464 
465 
466 
466 



471 

472 

473 

474 

475 

476 

477 

478 

479 

460 

482 

483 

465 

466 

487 
468 
489 
490 
491 
492 
493 
494 
495 
496 
497 
499 
500 
501 
502 
503 
504 

505 1189 



1036 


561 


1596 


294 


1528 


863 


1098 


1137 


849 


1125 


1814 


1072 


1388 


481 


1194 


1064 


577 


467 


1140 


866 


1797 


524 


1293 


1133 


618 


655 


2009 


299 


1205 


215 


1035 


788 


160 


155 


469 


1370 


599 


662 


1009 


540 


1216 


235 


816 


346 


693 


673 


1606 


1013 


478 




1025 


607 


1045 


1166 


1609 


301 


775 


1289 


692 


178 


1100 


964 


1760 


776 


882 


247 


470 


1258 


494 


1436 


960 


852 


1414 


546 


1234 


1072 


1246 


659 


824 


792 



506 
507 
508 
509 
510 



1246 1134 
1115 1407 
391 
402 
250 
552 
619 
1006 



1578 
787 
979 
1153 
1730 



-74 

•16.0 
-34 
4.0 

-8.1 
-18.1 
-28.5 
-26.9 
-11.6 
-9.8 
-0.5 
•31.0 
<-35.0 
-1.8 
-22.8 
•174 
-16.2 
-11.1 
-6.2 
-3.7 
-04 
-104 
>0.0 
-2.6 
-6.1 
-64 
•14.0 
•11.3 
-3.4 
-44 
-10.2 
-154 
-0.9 
-64 
-8.9 
•23.9 
-9.6 
-1.1 
-7.6 
-21.9 
>0.0 
-6.7 
-11.4 
«-35.0 
-28.9 
-22.8 
-114 
•6.6 
-154 
-194 
•34 
•28.6 
-11.5 
•11.2 
-34 
-17.0 
•19.3 
•10.2 
•1.6 
•14.5 
-28.9 
•28.1 
-12.5 
-6.0 
-84 
-6.2 
•15.7 
-84 
-9.9 
-8.9 
-3.7 
-16.6 
•12.5 
•9.4 
-2.0 



43400 
36400 
•6,700 

36,600 
51400 
15.500 
63.900 
28.900 
24400 
147.600 
45.000 
26,700 
36,600 
53400 
10.800 
60.100 
45400 
33.300 
19.800 
12.600 
29.600 
63.100 
38.600 
34.600 
56.900 
42.600 
63,500 
50.600 
91.400 
35.900 
25,400 
25400 
27.800 
58.700 
27400 
60.100 
34.900 
54.600 
25.500 
46.000 
89.900 
131.300 
39.200 
207.600 
17.400 
45.600 
53.500 
117.400 
77,800 
44.600 
30.000 
49,300 
48.600 
23.700 
69400 
20.100 
169,300 
31.800 
39,700 
110.700 
21400 
15,200 
36.400 
53.100 
27.800 
45,700 
39.000 
25.500 
16400 
69.700 
66,000 
109.000 
52.600 
48.100 
30.200 



925 



MSN X V CPKol SOSMW 



MSN 



* Y CPKol SOSMW 



511 


800 


464 


512 


1090 


533 


513 


1696 


1034 


514 


948 


636 


515 


481. 


543 


516 


1334 


1044 


517 


868 


1021 


515 


796 


779 


519 


822 


670 


520 


632 


165 


521 


1332 


030 


522 


603 


1104 


523 


1190 


309 


524 


479 


1226 


525 


768 


1066 


526 


747 


1016 


527 


1170 


231 


528 


1502 


542 


530 


1728 


620 


532 


507 


1011 


533 


870 


489 . 


534 


1347 


1085 


£35 


1513 


346 


536 


306 


654 


538 


1851 


669 


530 


1463 


962 


540 


909 


561 


541 


625 


289 



• ***** V4 r lW 

542 1164 198 -9.2 146 200 

543 80S 655 -16.2 45.900 

544 1259 1143 -6.0 25.200 

545 856 1526 -15.0 12.200 

546 803 1 071 -1 6.2 27.600 



547 


1162 


274 


-9.3 


98,400 


546 


128 


1321 


«-35.0 


19.000 


549 


1355 


1122 


-6.8 


25,900 


550 


595 


866 


•23.0 


35,600 


552 


1369 


494 


-6.6 


57.500 


553 


992 


405 


-12.2 


67,600 


555 


1125 


410 


-9.8 


66.900 


556 


705 


975 


-18.9 


31.400 


557 


1477 


1030 


-4.9 


29.300 


558 


980 


583 


-12.5 


50,400 


559 


700 


1109 


-19.1 


26.400 


560 


1028 


621 


-11.5 


48.000 


562 


898 


704 


-14.1 


38.900 


564 


789 


1446 


•16.6 


14.900 


565 


777 


766 


-16.9 


40,200 


566 


980 


328 


-12.5 


81,900 



™ .mv S1,WU 

567 1519 611 -4.4 48.600 

569 1212 661 -8.6 45 600 

570 760 594 -17.4 49.700 

571 618 956 -21.9 32.100 

573 1142 771 -9.6 40.000 

574 532 787 -26.2 39.300 

575 771 250 -17.1 109.200 

576 1066 534 -10 J 54.100 

577 822 734 -15.7 41.800 

578 914 754 -13.6 40.800 

579 1064 794 -10.6 38,900 
560 1524 714 -4.4 42.800 



582 


962 


666 


-12.4 


564 


1487 


672 


-4.6 


585 


758 


731 


-17.4 


586 


667 


1152 


-19.5 


587 


930 


523 


-13.5 


588 


1886 


774 


4.4 


589 


642 


465 


-21.1 


590 


1317 


519 


-7.3 


591 


65 


1548 


<-35.0 


592 


1014 


614 


•11.7 


503 


732 


176 


-16.1 


594 


1627 


478 


-3.0 


595 


1009 


1426 


-11.8 



596 


619 


269 


567 


1176 


461 


598 


1465 


1044 


599 


741 


1188 


600 


907 


402 


601 


667 


658 


602 


712 


1138 


603 


898 


181 


604 


783 


1461 


605 


736 


223 


606 


629 


273 


607 


1064 


286 


608 


683 


503 


609 


2012 


610 



-21.9 
•9.1 
-5.0 
-17.9 
-14.0 



612 1103 
613 
614 
615 

616 1759 478 

617 994 372 

618 751 374 
616 1429 516 

620 1050 520 

621 923 1105 

622 1462 622 

623 759 225 

624 756 1038 

625 1438 606 

626 1096 1089 

627 942 

628 809 

629 899 

630 1135 1321 

631 979 615 

632 1542 1076 

633 1345 

634 409 

635 1165 
774 



546 

621 
979 



•14.1 
-16.7 
-16.0 
-21.6 
•10.8 
-14.5 
>0.0 
003 .6.1 
391 -10.1 
778 265 -16.9 
624 518 -15.7 
6]5 1095 195 -10.3 
•1.6 
-12.1 
-17.6 
-5.7 
-11.1 
-13.7 
-5.1 
-17.4 
•17.4 
-5.5 
•10.2 
•13.3 
-16.0 
-14.1 
-9.6 
-12.5 
-4.1 
-6.6 
-32.2 
-9.2 
-17.0 
-6.0 
-13.1 
-2.1 
-12.1 
<-35.0 
•16.2 
-18.5 
-10.2 
-26.1 
-9.4 
-6.2 
<-35.0 
-2.1 
>0.0 
-6.5 
-5.5 
•20.8 
-10.0 
-10.3 
•4.4 
-1.4 
-33.4 
-12.5 
-20.5 
-16.1 
-1.2 
-14.4 
-14.3 
-18.6 
•16.8 
•21.0 
-9.9 
-6.4 
•25.3 
-12.4 



814 
950 
704 
604 
524 
411 

639 1717 575 



636 

637 1263 
636 952 



640 


994 


292 


641 


165 


1224 


642 


803 


251 


643 


719 


296 


644 


1100 


294 


645 


534 


1263 


646 


1153 


1038 


648 


1246 


204 


649 


14 


1406 


650 


1713 


1049 


651 


1986 


1183 


652 


1378 


816 


653 


1442 


1165 


654 


650 


806 


655 


1111 


551 


656 


1095 


861 


657 


1524 


540 


658 


1777 


860 


659 


391 


584 


660 


977 


565 


661 


658 


166 


662 


732 


312 


663 


1787 


567 


664 


888 


268 


665 


889 


775 


666 


715 


221 


667 


781 


227 


668 


646 


165 


669 


1116 


353 


670 


1382 


643 


671 


547 


789 


673 


984 


746 



100,500 
60.700 
28,800 
23.600 
68.000 
45.600 
25.400 
165,200 
14.400 
125,300 
96.700 
94.000 
56.700 
46.700 
34.200 
69.600 
102.000 
55.400 
149,100 
59.000 
72.900 
72,400 
55.300 
55.200 
26,600 
47.900 
124.000 
29.000 
46.900 
27,200 
53,000 
48.000 
31.300 
19.100 
46.300 
27.600 
38.000 
32.400 
43.300 
49.000 
54.800 
66.700 
51.000 
92.000 
22.400 
108.900 
90,700 
91,400 
21.000 
29,000 
140,000 
16.200 
28.600 
23,800 
38,000 
24.400 
38.400 
52.700 
36,000 
53,600 
36.000 
50.400 
51,700 
187.500 
86,100 
51.500 
100,900 
39,800 
126,300 
122,400 
189,100 
76.300 
46.600 
39.200 
41.200 



MSN 



v CPKol SOSMW 



674 1661 44J -2.7 62.100 

H23 562 MA SljQOtf 

«* 706 642 .184 46.700 

«77 919 615 -13.7 48JQ0 

1085 551 -10J 52.700 

52 ,£ » ^ 33.400 

680 1237 1004 *J 30*00 

«1 1ia 263 .10.1 95.W 



683 


1596 


240 


684 


555 


699 


685 


1167 


1313 


686 


1932 


790 


687 


1545 


619 


686 


1456 


764 


689 


1011 


953 


690 


1995 


270 
888 


691 


812 


692 


1154 


1461 


693 


1993 


819 


694 


1628 


656 


695 


928 


254 


696 


1854 


715 


697 


1997 


345 


698 


957 


563 


699 


1540 


730 


702 


577 


900 


703 


1610 


562 


705 


1278 


571 


706 


1841 


704 



707 1018 1386 -nir 16.000 

7» 1074 1145 -10.7 2S?00 

710 2S3 889 <-35.0 34.800 

III ,12 412 * ,8S «M» 

713 1386 841 -6.4 36 800 

l\i ^ 263 - 7 - 1 103 ' 1 «> 

715 696 433 -19.1 63 900 

716 701 481 -19.0 58700 

717 1875 699 -0.5 43.600 

718 575 702 -23.9 43 400 
71» 1216 204 -8.6 140400 

721 1069 464 -10.8 60 400 

722 1272 506 -7.9 56 400 

723 956 B22 -13.0 37700 

725 720 916 -18.5 33 700 

7» 1476 415 .4.9 66.200 

727 1846 473 -0.7 59400 

728 510 783 -27J 38400 
7» 1217 1126 -6. 6 x ™ 
7» 1858 724 -0.6 42J0O 
731 665 765 -20.2 40300 

1321 312 . 7 . 2 

734 718 427 -18.5 «S 

735 1101 473 .10.2 59 500 

736 1359 569 -6.7 svS 
7M 696 220 .,9.2 127 £S 

III 687 409 - 1 »-5 67000 

740 1205 256 +.7 10 6200 

741 995 563 -l 2 .i 51 g 

743 661 181 .14.5 165 900 

744 1951 686 >0.0 44 200 
7« 726 168 -18J leS.'eOO 
746 999 643 - 12 . 0 46 600 

748 162 1503 <-35.0 nog, 

749 2005 649 > 0 . 0 46300 

751 792 266 -16.5 101.900 

752 469 296 -28.9 90 600 

754 664 254 -20.3 10 7000 

755 1195 164 .6.8 161000 

3 'a "jh «£ 

12 24 f 13 8 111.000 

760 790 133 -16.6 264.900 
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MSN 
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MSN 



Y CPW SOSMW 



MSN 



761 1399 733 

763 1416 1065 

764 2020 569 

765 651 475 

766 1052 1149 

767 1968 468 

768 1330 685 

769 1970 613 

770 857 617 

771 1337 974 
773 1576 502 

775 969 824 

776 1438 706 

777 1539 458 

778 850 434 

779 700 411 

780 1052 1136 
784 1413 529 
765 1364 885 

786 1822 835 

787 893 392 

790 616 882 

791 451 1429 

792 777 377 

793 1536 1543 

794 1461 807 

796 388 546 

797 1126 212 

798 933 437 

799 1420 593 

800 1759 279 

801 624 865 

802 898 547 

803 1775 1468 

804 573 196 

805 203 

806 980 

807 902 306 

808 625 827 

809 1851 1015 
610 440 573 

811 1358 249 

812 851 393 
613 745 1246 

814 2028 810 

815 1066 645 
616 629 313 

817 1376 1177 

818 1771 790 

819 1045 263 

820 984 362 

821 1712 279 

822 1256 205 
623 1517 654 

824 1442 449 

825 1240 513 

826 1309 1014 

827 2012 708 

828 937 1405 

830 1342 756 

831 562 826 

832 1073 1039 

833 481 820 
501 
751 
635 



43 
-5.9 
>03 
-203 
•11.1 
>03 
•7.1 
>03 
•15.0 
-7.0 
-3.7 
•12 J 
-5.5 
-4.2 
-15.1 
-19.1 
-11.1 
-6.0 
-6.7 
-0.9 
-14.3 
•22.0 
-29.6 
-16.9 
-4.2 
-5.1 
•33.6 
-9.6 
•13.5 
-5.9 
-1.6 
-21.7 
-14.2 
-1.4 
•24.0 
494 O5.0 
1039 -12.5 



834 
837 
638 
836 



U 



840 1952 
841 
842 



561 
746 
833 
459 

301 



1565 1060 
571 1312 



843 1325 

644 1727 

845 630 

846 2016 

847 673 1200 



649 
301 
679 
905 



-14.1 
-21.7 
-0.7 
-30.9 
•6.6 
-15.1 
-17 J 
>0.0 
-10.4 
-21.6 
-6.5 
-1.4 
-11.2 
-12.4 
-23 
-6.1 
-4.4 
-5.5 
-6.3 
•7.4 
>0.0 
-13.4 
-7.0 
-24.5 
-10.7 
-28.5 
-273 
•17.6 
•21.3 
-4.7 
>0.0 
•3.6 
-24.1 
•7.2 
-2.0 
-213 
>0.0 
•19.9 



41.600 
27,300 
51,400 
56.300 
25.000 
55.900 
44.300 
48,500 
46.200 
31.500 
56,700 
37.600 
43.100 
61.000 
63.800 
66.600 
25.500 
54,400 
35.000 
37,100 
69.500 
35.100 
15.400 
72,000 
11.700 
36.300 
53.100 
133.700 
63.400 
49.800 
96.500 
35.600 
53.000 
14.200 
146.400 
57.400 
29.000 
67,200 
37,500 
29.900 
51.100 
109.700 
69.400 
21.600 
36.200 
46,500 
85.700 
24.000 
39.100 
103.100 
74,600 
96.700 
139.200 
46,000 
62.000 
55.800 
29,900 
43,100 
16.200 
40.700 
37.500 
29.000 
37.800 
50.500 
41.100 
37.200 
60,900 
88.300 
27,500 
19.400 
46.300 
89,200 
44.600 
34.200 
23,200 



648 1863 271 4.6 99 500 

849 1166 523 -8.2 $4 ,900 

650 1535 1024 -43 29,600 

851 1035 626 -11 4 37300 

652 634 542 -15.5 53,400 

655 499 220 .27.8 127.100 

656 1063 194 -10.9 150 500 
857 867 890 -14.4 34,800 
656 1448 639 -5.4 46.000 
659 706 311 -18.9 86,200 

860 1070 1066 -10.7 28 000 

861 472 347 -283 771600 

862 674 480 -19.9 56 800 

864 1307 499 -7.4 57*000 

865 645 867 -21.0 34,900 

866 627 1004 -15.6 30300 
866 665 494 -18.5 57,400 
869 1807 402 -1.0 68.000 

670 1323 783 -7.2 39.400 

671 1228 1031 -8.4 29*300 

672 1904 346 -0.3 77.700 

673 556 647 -24.8 46 400 
874 1540 756 -4.2 " 40*700 

675 1566 777 -3.6 39.700 

676 1196 351 -8.8 76 800 

877 1076 720 -10.6 42 500 

878 1161 1111 -9.3 26 400 
679 647 757 -20.9 40*700 

880 1756 594 -1.6 46 700 

881 1S43 278 -4.1 97*100 
863 1432 690 -5.7 34 800 

884 922 669 -13.7 44*100 

885 11Q3 414 -10.1 66400 
686 1501 607 -4.6 48*900 

887 796 1103 -16.3 26*600 

888 636 634 -21.3 47.200 

889 951 759 -13.1 40 600 

890 717 548 -18.6 52*900 

891 1123 229 -9.8 1 21.200 

892 891 413 -14.3 66 400 

894 1245 234 4.2 117*800 

895 1962 346 >0.0 77.700 

896 1322 626 -7.2 47.700 
867 420 570 -31.4 51 300 

898 662 426 -20.3 64 500 

899 845 243 -15.3 113.000 

900 624 703 -21.7 43 400 

901 931 1094 -13.5 27*000 

903 799 229 -16.3 121 000 

904 765 520 -17.2 55.200 

905 775 689 -17.0 34 800 
907 688 624 -14.4 37 600 

906 628 1303 -15.6 19700 

910 681 1544 -19.7 11 700 

911 1544 301 -4.1 89.100 

913 1606 387 -3.3 70*400 

914 1237 688 -8.3 44*100 

916 1442 749 -5.5 41*100 

917 1260 367 4.0 73 700 

919 764 1541 -17.3 11700 

920 1133 1123 -9 7 25,900 

921 1123 380 -9.8 71,500 

923 829 242 -15.6 113*200 

924 1131 316 -9.7 84 300 

925 1441 874 -5.5 35.400 

926 679 219 -197 128,200 
827 1487 1191 -4.8 23 500 

928 1082 775 -10.5 39.800 

929 1231 816 -6.4 38,000 

931 1609 670 4.3 45,'l00 

932 810 900 .16.0 34*400 

933 965 520 -12.8 55*100 

934 847 462 -13.2 60.600 

936 865 843 -14.8 36.800 

937 1421 1056 -5.9 28 400 



Y CPKol SOSMW 



039 1197 827 43 

1766 . 885 -13 

8*2 602 472 -22.7 

312 496 «453 

8*4 QQ3 491 -12.1 

845 1300 269 -73 

846 630 423 -21.6 

847 187 736 <45.0 
948 1380 344 -63 
849 1 766 665 -13 
«0 1 036 183 -IIJ 
» 860 152 -14.9 
952 957 701 -13.0 
W4 503 547 -27.6 
855 1638 712 >0.0 
057 1010 616 -113 
859 768 174 -17.2 

960 506 419 -23.0 

961 557 409 -24.8 
862 887 320 -14,4 
963 564 334 -24.5 
064 969 1155 -12.8 
«5 671 255 -20.0 

966 1204 796 -6.7 

967 910 154 -133 
966 609 1048 -223 
069 1285 206 -7.7 

970 822 232 -153 

971 976 437 -123 

972 403 567 -323 
874 279 495 <-35.0 

975 844 061 -153 

976 1124 295 -03 

977 004 664 -12.1 
878 1612 642 -33 
979 749 1141 -17.7 
880 1064 642 -103 
061 1197 911 -63 

883 1 762 1506 -13 

884 1344 317 -6.9 

885 1024 1105 -113 

987 739 1159 -17.9 

988 816 555 -15.9 

990 785 361 -16.7 

991 1159 317 ^3 

992 1090 928 -10.4 

993 1030 701 -11.5 
894 847 811 -15.2 

995 902 461 -14.1 

996 868 847 -14.4 

997 1815 579 -09 

998 1205 504 47 
899 617 209 -22.0 

1000 968 290 -123 

1001 970 771 -12 7 

1002 1736 478 -1.9 

1003 643 1184 -21.1 

1006 822 487 -15 6 

1007 875 279 -14.6 

1009 291 644 <-35.0 

1010 1386 745 -6.4 

1011 456 541 -20.4 

1012 679 661 -19.7 

1013 1818 1128 -09 

1014 1032 634 -11*4 

1015 1629 904 -3.0 

1016 1311 1134 -7.4 

1017 1 722 424 -20 

1018 1015 743 -11 7 

1020 1574 1219 -3 7 

1021 781 484 -163 

1022 1129 83 47 

1023 812 317 -15.9 

1024 785 446 -16 7 

1025 1290 739 -77 



37300 
35j000 
SB.600 
57.100 
57.700 
100300 
65.100 
41.600 
78300 
45.400 
151.000 
213.000 
43,400 
53.000 
42.900 
37.900 
174.900 
65,700 
67.100 
83.900 
80.500 
24.800 
106.600 
36,700 
210.300 
28,700 
138.900 
119.300 
63,400 
51,600 
57.400 
31300 
91.100 
45.400 
46.700 
25.300 
46.700 
33,900 
12,800 
84,700 
26,600 
24.600 
52.400 
74.900 
84,500 
33.300 
43.400 
36.200 
60.700 
36.600 
50.700 
56.500 
93.100 
92.700 
40.000 
58.900 
23.700 
56.100 
96.400 
46.600 
41300 
53.500 
45.600 
25.800 
47.200 
30.700 
25.500 
65.000 
41300 
22.500 
56,400 
591300 
84.600 
62.400 
41.600 



Duabttc of nt liver 
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MSN 
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MSN 
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MSN 



1006 
1027 
1028 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1039 
1040 
1041 
1044 
104$ 
1047 
1046 
1040 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1056 
1060 
1061 
1062 
1064 
1065 
1066 
1067 
1066. 
1060 
1071 
1073 
1075 
1076 
1078 
1081 
1063 
1065 
1090 
1092 
1093 
1094 
1095 
1098 
1099 
1101 
1102 
1103 
1105 
1106 
1107 
1108 
1111 
1112 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1125 
1126 
1128 
1133 
1139 
1147 
1148 
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1298 
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1381 
1525 
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1761 
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1036 
1439 
1540 
1576 
1089 
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426 
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1613 
1380 
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1261 
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1817 
1245 
1258 
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1768 
836 
1863 
826 
971 
1697 
1157 
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1667 
2019 
1546 
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61 
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566 
1080 
457 
1864 
1714 
1717 
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1348 
1385 
1078 
975 
1202 
1022 
1906 
1512 
1114 
1464 
1048 
1122 
1722 
1098 
1630 
764 
1966 



552 
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551 
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645 
274 
262 
839 
910 
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411 
1040 
816 
1385 
1092 
620 
377 
663 
746 
605 
645 
746 
792 
934 
734 
656 
696 
604 
609 
1126 
773 
861 
566 
483 
202 
794 
910 
597 
894 
538 
477 
935 
237 
1048 
667 
797 
532 
649 
546 
722 
1066 
621 
762 
616 
787 
633 
1076 
616 
1301 
677 
452 
657 
802 
892 
825 
569 
1162 
724 



-323 
.73 
-15.0 
.7.7 
-12.3 
-4.1 
-6.4 
-43 
-9.7 
-8.5 
-1.6 
.25.7 
-15 J 
•1U 
-53 
-4.2 
•3.7 
-10.4 
-13.2 
-31.1 
-3.6 
•16J 
-3.2 
-6.5 
<-35.0 
-8.0 
-33.3 
-0.9 
-6.2 
-6.1 
-18.9 
-9.0 
•26.3 
-27.4 
-0.3 
-14.7 
-1.5 
-15.4 
-0.6 
-16.7 
12.7 
-2.3 
-9.4 
•21.9 
-0.5 
>0.0 
-4.1 
-4.1 
<-35.0 
>0.0 
-23.3 
-11.1 
-29.5 
-0.4 
-2.1 
-2.1 
>O0 
-25.3 
-6.9 
-6.4 
-10.6 
-12.6 
-8.7 
-11.6 
-0.3 
-43 
-9.9 
-5.1 
•11.1 
-9.6 
-2.1 
-10.2 
-0.8 
■173 
>0X> 



52.600 
36,500 
53.000 
123.200 
37.700 
67300 
52.700 
57300 
46.500 
66300 
103.600 
36,900 
34,000 
5e.300 
67.300 
106300 
47.100 
66.700 
26.900 
37.800 
16.900 
27.000 
46.000 
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46,600 
41,200 
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33.000 
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43.700 
49.100 
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51.600 
58.500 
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34.000 
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34.600 
53.700 
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33.000 
116.000 
28.600 
45300 
36.800 
54.200 
46.300 
53.100 
42,400 
28.000 
48.000 
40,400 
36.000 
39,300 
33.100 
27.600 
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19,700 
44,700 
61,700 
36.200 
38,600 
34.700 
37.500 
51.400 
23.800 
42.300 
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1153 921 1156 

1154 1594 664 
1161 637 



1162 
1163 
1166 
1170 
1171 
1172 



623 
665 
564 
552 
538 
545 



400 
397 
397 
528 
529 
524 
514 
522 
586 
539 
702 
224 
224 
223 
223 
224 
162 
183 
162 
214 
286 
1114 
265 893 
403 1292 



344 

505 



1275 
1311 



1174 1099 

1176 1304 

1177 1366 

1178 1606 

1179 1485 

1180 1459 

1181 1431 

1182 1407 

1183 1383 

1184 1454 

1185 1422 

1186 1394 

1189 1171 

1190 1457 

1191 686 
1192 
1193 
1194 
1195 
1196 
1197 
1196 
1199 
1200 
1201 

1202 1719 1 545 
791 
964 
313 
306 
320 
326 
394 
402 
386 
641 
660 
914 
673 
970 



1203 
1204 
1205 
1208 
1209 
1210 
1211 
1212 
1214 
1215 
1216 
1217 
1218 
1219 



572 1293 

639 1502 

637 1402 

614 1407 

637 1431 

1095 1394 



668 
1021 



-13.7 
-33 
-21 J 
-213 
-203 
-24.4 
-25.0 
-253 
-253 
-103 
-7.5 
-6.6 
-3.3 
-4.8 
-5.2 
-5.7 
-6.1 
•6.4 
-5.3 
-5.6 
-6.3 
-63 
-S3 

-193 

t-35.0 

•32.6 

:-35.0 

•27.6 

-24.1 

•21.2 

•21.3 

-22.1 

-21.3 

-10.3 
-2.1 

■16.5 

-12.8 



195 <-35.0 

194 <-35.0 

197 <-35.0 

197 «.35.0 



1220 1021 

1221 1392 

1222 1354 

1223 1362 



1224 
122S 
1226 
1227 
1228 
1229 
1230 
1231 



673 
614 
603 
696 
707 
475 
466 



294 
294 
294 
329 
329 
266 
245 
372 
296 
205 
203 
205 
540 
542 
536 
623 
626 
447 
1282 



1232 1324 

1233 1583 

1234 1665 

1235 1812 

1236 1411 

1237 1392 
794 
769 
740 
743 
713 
662 
663 
565 



759 1461 
1170 



1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 



1005 
606 
817 
703 
682 
410 
407 
406 
511 
510 
509 
504 
582 



-33.2 
•32.7 
•33.7 
-21.2 
-20.4 
•133 
-14.7 
-12.7 
•11.6 
-6.3 
-68 
-6.7 
-19.9 
-22.1 
•22.6 
-193 
-18.9 
-267 
-29.0 
•17.4 
•7.2 
•3.6 
-0.6 
•1.0 
-6.0 
-6.3 
-16.4 
-17.1 
-17.9 
-17.8 
-16.7 
-19.6 
-20.3 
•24.4 



24.700 
35300 
68,400 
66300 
66.700 
54.500 
54.500 
54.800 
55.700 
55.000 
50300 
53,700 
43,400 
124.900 
124,900 
125.100 
125300 
124.700 
164.400 
162.600 
164,300 
131.800 
94.200 
26.200 
34,700 
20,000 
20,600 
19,400 
20,000 
13.000 
16.300 
16.200 
15.400 
16,600 
11.600 
45,200 
29,700 
148,700 
149.B00 
147,400 
146.600 
91,400 
91.200 
91.400 
81.600 
81,600 
101.800 
112.000 
72.900 
90.100 
139.500 
141,800 
139.500 
53.600 
53,400 
53,600 
47,800 
47,500 
62.300 
20,400 
14,400 
24.200 
30,300 
38.200 
37.900 
43,400 
44.500 
66.900 
67.300 
67.500 
55.900 
56.000 
56.100 
56,500 
50.500 



1246 547 

1247 530 

1249 516 

1250 673 

1251 607 

1252 665 

1253 899 

1254 1311 
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1257 1S38 

1256 1806 
1256 1727 

1260 1629 

1261 1555 

1262 1468 

1263 1413 
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1268 1055 
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1284 
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671 
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595 
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515 
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467 
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412 

397 

381 

365 
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536 
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529 
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746 
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712 
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715 
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717 
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717 

717 
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717 

717 

717 

715 

712 
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705 

711 

706 

711 

710 

710 

707 

704 

700 

695 

694 

667 

683 

669 
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655 
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654 
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-22.4 
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Table 3. Conputed 9^ we *u ofc^myUicd protein sundird,: Rabbit ouscie CPK and bunun 



Diubase of rat bm prottin 



929 



Protein Name 



#ASP #GLU 
Namt 4.1 



«H1S #LYS #ARG NH2- Caic Real 
&0 10.8 1Z5 7.0 Dl CPK 



0 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
•10 
-11 
-12 
-13 
•14 
-15 
-16 
-17 
-18 
•19 
-20 
•21 
-22 
-23 
-24 
-25 
•26 
•27 
-28 
-29 
-30 
-31 
-32 
-33 
-34 
-35 



Rabbit muscle CPK KifiBCM 



28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 



27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 



17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 
17 
17 
17 



34 

33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 



18 

18 

18 

18 

18 

18 

18 

18 

18 

16 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

16 

18 

18 

18 

18 



6.84 

6.67 

&54 

6.42 

631 

6.21 

6.12 

6.03 

5.94 

5.85 

5.76 

5.67 

5.58 

5.48 

5.39 

5.29 

5.20 

5.12 

5.04 

4.96 

4.89 

4.83 

4.77 

4.71 

4.66 

4.61 

4.56 

4.52 

4.48 

4.44 

4.40 

4.36 

432 

4.29 

4.25 

4.22 



O0 

-1 
-2 

-4 

-5 
-6 
-7 
-6 
-9 
•10 
•11 
-12 
•13 
-14 
-15 
-16 
-17 
-18 
-19 
•20 
-21 

•22 

-23 

-24 

-25 

-26 

-27 

•28 

-29 

-30 

-31 

-32 

-33 

-34 

-35 



0 

-1 

•2 

-3 

-4 

-5 

-6 

-7. 

-8> 

-9 
-10 
•11 
•12 



Hb-beta, human 



HBHU 




7.18 
6.79 
6.53 
6.32 
6.13 
5.96 
5.78 
5.59 
5.37 
5.14 
4.91 
4.71 
4.54 



•1.8 
-3.2 
-5.3 
-7.2 
-10.0 
-12.3 
-15.5 
-18.0 
•21.0 
-25.5 
-27.2 
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Table 4. Computed pfs of some known proteins related to measured CPK pfi 







PIR 


#ASP #GLU tfHIS #LYS f ARG 


Calc 


Rmi 




Protein Name 


Name 


«5»9 


A 1 


£ n 






Dl 


CPK 


0 


Creatine phospho kinase (CPK), rabbit muscle 


K1RBCM 


28 


27 


17 


34 


18 


6.84 


0.0 


1 


Fatty scid-bincfing protein, rat hepatic 


FZRTL 


5 


13 


2 


16 


2 


7.83 


-3.0 


2 


b2-microgtobuin l human 


MGHUB2 


7 


6 


4 


A 


5 


6.09 


-54 


3 


Cartamoyl-phosphate synthase, rat 


SYRTCA 


72 


96 


2fi 


?w 


56 


5.97 


•SJS 


4 


Prealbumin ( serum albumin precursor), rat 


ABRTS 


32 


57 


15 


DO 


97 


5.98 


•62 


5 


Serum albumin, rat 


ABRTS 


32 


57 


1* 


CO 

do 


OA 
24 


5.71 


-9.0 


6 


Superoxid dismutase (Cu-Zn, SOD), rat 


A26810 


A 


11 


1U 


9 


A 
4 


5.91 


-9.2 


7 


Phosphoiipase C, phophoinositide-specific (?), rat 


A28807 




42 


o 

9 


49 


91 

21 


5.92 


-9.2 


8 


Albumin, human 


ABHUS 




61 

O 1 


1fi 




24 


5.70 


-11 JB 


9 


Apo A-l lipoprotein, rat 


A24700 


18 


OA 


o 


23 


12 


5.32 


•13.7 


10 


proApo A-l lipoprotein, human 


LPHUA1 


1fi 


orj 

ov 


o 


21 


17 


5.35 


•14 2 


11 


NADPH cytochrome P-450 reductase, rat 


RDRT04 


A\ 


DU 


21 


38 


36 


5.07 


-15.6 


12 


Retinol binding protein, human 


VAHU 


16 


10 


2 


10 


14 


5.04 


-16.9 


13 


Actin beta, rat 


ATRTC 


23 


26 


9 


19 


18 


5.06 


-17.2 




Actin gamma, rat 


ATRTC 


20 


29 


Q 


1Q 

1 9 


1ft 


3.07 


•16.8 


15 


Apo A-t lipoprotein, human 


LPHUA1 


16 


30 


5 


21 


16 


5.10 


•17.5 


16 


Apo A- IV lipoprotein, human 


LPHUA4 


20 


49 


8 


26 


24 


4.88 


-19.7 


17 


Tubulin alpha, rat 


UBRTA 


27 


37 


13 


19 


21 


4.66 


-19.8 


16 


FlATPase beta, bovine 


PWBOB 


25 


36 


9 


22 


22 


4.80 


•214) 


19 


Tubulin beta, pig 


UBPGB 


26 


36 


10 


15 


22 


4.49 


-Z2JS 


20 


Protein disulphide isomerase (PDI), rat hepatic 


ISRTSS 


43 


51 


11 


51 


9 


4.07 


-25.0 


21 


Cytochrome b5, rat 


CBRT5 


10 


15 


6 


10 


4 


4.59 


-26.0 


22 


Apo C-ll lipoprotein, human 


LPHUC2 


4 


7 


0 


6 


1 


4.44 


-30.5 




Amino acid pi assumed in calulation: 




3.9 


4.1 


6.0 


10.8 


12.5 








DNA sequences . 



(Human Genome Project) 



(♦Physical mapping— 
(Human Genome Project) 



CCC - AGT. 



-Human chrombsomes/DNA- 
(3xi 0 9 base pairs) 
(50,000 - 100,000 genes) 



cDNAs - 



-mRNAs 



-♦Genetic diseases 
(Human Genome Project) 



Link with other databases 

(proteins, nucleic acids, 
gencme mapping, etc.) 



-Proteins- 



(About 5,000 in a 
given cell type) 



»cDNA$ 



Olig d oxyribonucleotides- 



Oualitative and 
— quantitative 
comprehensive 
2D gel databases 



Link with other human 
2D gel protein databases 



Interface 
between protein 
and DNA 
inlormation 



-Partial protein 
sequences 



• Pro . Ser -| 



.1 



Partial protein 
sequences of unknown 
human proteins 
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A two-dimensional gel database of rat liver proteins 
useful in gene regulation and drug effects studies 

^ t ff^^ m ' 0 * dimcnsiooal G'D) protein map of Fischer 344 rat liver 
(F344MST3) is presented, with a tabular listing of more than 1200 DrTeiB^LS 

ublished, based cc P o5it.ons of numerous internal standards This man has been 
used to connect and compare hundreds of2-D gels of rat liver «mnT« r™, , ! 
riety of studies. and forms the nucleus of an exSndir?g to*££Ts^?n!£ 
hverproteins and their regulation by various drugs aXxi a«nt An examrS 
of such a study, involving regulation of cnoles.eroTsvnihe S ? f^^SES? 
mg crugs and a high-cholesterol diet, is presented' S nee th ™ hi* k k 
tained with a widely used and highly reproducible 2 D g " £ t« 
system),,, can be directly related to an exp^bo^fr^KSrSSii. 



Conlents 1 Introduction 

2.1 Sample preparation l° 0 l ^'^^ 9 ■ by ?/ mtllni ^ ta ^ im 

22 Two-dimensional electrophoresis .' 9S9 ^T^£^ mil i WWt:ttm]nt ^ A ^' 

23 Staining 9 ° Q l ca J s p tems < "suits appearing in more 

2.4 Positional standardization .... i." |g ffi^E^S^"-™? the advem of computer- 

23 Computer analysis Z « c ™ «,n « ^ n8 i w °- d "n«*i°nal G-D) gel ima- 

2.6 Graphical data output 9 ?0 "Sd " 1^ ? 0t d "?*«". il » a '" possible to 

2.7 Experiment LSBC04 c J £? h! ™1 K ?I We ,me * raied bodies of information de- 

3 Resulu and discussion .' J J ffj*'"* * h < appear » e « » d "gulation of thousands of pro- 

3.1 The rat liver protein 2-D map .' 9 J I"" 8 '" 6 d ""/ 1^.^ Creat.ng sucn daub ^ es invoWes 

3.2 Carbamylated charge standards computed p>s c7 D 6 • qua " t,ta,ive da « from thousands 
and molecular mass standardization* . P . 91 1 n^and SouT/" " SUDS,antial commitment in tech- 

3 J An example of rat liver gene regulation: Choi- °urce 5 . 

esterol metabolism on <-.;*.„ 1 . «■ 

3.3.1 MSN413(puutivecytosoIicHMG-Co*A SbaTe fh e ^ 

. synthase) and sets of spots regulated co- Iblelmionfn., wkm b,ol ° 8 ' cal s >' stem lak « on consider- 

ordinately or inversely . . 91 , ^3™^ ,'" v " rosysiems « e iQ »» for answer- 

3.3.2 MSN 235 and corregulated spots | J iefrS^d quesl,ons ' es P" ia,lv in ""«r re- 
3.3 J An example of an ami-syneS effect 9 2 S™„? , ' 0ur u expenence wi,h «" culture, and 
3.3.4 Complexity of the d>ototriwZ£& L"" " mP 1 !? SUEEeSU t , hat some vivo a PP'°"hes could 

pathway raoiC5ie ™ s>nthes.s have major advantages. In particular, we have noticed that 

4 Conclusions.. o , i,verusslJe "^ples from rats and mice appeano show grea- 

5 References I, °- uam,lal,ve reproducibility (in terms of individual pro- 

6 Addendum l:Fwt£i-iiZY".'.'. J J ^"P'^ 

7 Addendum 2: Tables 1-4 923 ! " aIUral re f ul1 ° f ,ne homeostasis maintained in a com- 

Table 1. Master table of proteins in rat' liver data- ^VlZ™* " we " k riown variability of cell cultures. 

base o„ r 't"" dut P rinc «P al| y 10 differences in reagents (e.g.. 

Table 2. Table of some' identified proteins £i S?' -°^ln mm) ' l 0 ^" 10 " 5 U *' pH) and S encl *"evo- 

Table 3. Computed p/"s of two sets of carbLnviaied o °„ h Wh " 6 ""T h is also more difr,cu,t 

protein standards: rabbit muscle CPK and ™ 1, T? »™ ounu t of P™'«« f™ cell culture 

human Hb.... <»q f >slems( P anicular| y withat «ched cells), forcing the inves- 

Table 4. Computed p/s of some' known' proteins' re- S° n r " 0 "*° ' ad :°!f^P«=-based or silver-based stain- 

lated to measured CPK p/s. . 930 fivl f™ methods - Y hlle 'hese methods are more sensi- 

p wo £ ve (sometimes much more sensitive) than the Coomassie 

Brilliant Blue (CBB) stain typically used Tor protein detec- 
tion in "large" protein samples, they are generally more vari- 
able, more labor-intensive and, in the case of radiographic 
methods, may generate highly "noisy" images, due to the 

properties of the films used. By contrast, large protein sam- 

ContipoodtDct: Dr. N. Uijh Anderson. Urge Scale Biology Corpow- b ! a? k ?« * S « V 06 pre P ared from liver usir »6 urea/Nonidet 

lion. 9620 MedieiJ Ceniet Drive. Rockviiie. MD 208S0, USA 0 (NP^O) solubilization and stained with CBB, which 

nas ,ne advantage of being easily reproducible f 81. Finally 
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lure and the associated shift to strong selection for growth, 
and how do these affect experimental outcomes? Hence 
the apparent advantages of in vitro systems, in terms of ex- 
perimental manipulation, may be counterbalanced by 
other factors relating t 2-D data quality. 

There is a second important class of reasons for exploring 
the use of an in vivo biological system such as tbe liver. His- 
torically, there have been two broad approaches to the me- 
chanistic dissection of biochemical processes in intact cel- 
lular systems: genetics (a search for informative mutants) 
and the use of chemical agents (drugs and chemical toxins). 
Both approaches help us to understand complex systems 
by disrupting some specific functional element and show- 
ing us the result. With the development of techniques for 
genetic manipulation and cloning, the genetic approach 
can be effectively applied either in vitro or in v/Vo. although 
the in vitro route is usually quicker. The chemical approach 
can also be applied to either son of biological system; here, 
however, the bulk of consistently acquired information is 
in experimental animals (rats and mice). While most biolo- 
gists know a short list of compounds having specific, experi- 
mentally useful effects (e.g., inhibitors of protein synthesis, 
ionophores, polymerase inhibitors, channel blockers, nu- 
cleotide analogs, and compounds affecting polymerization 
of cytoskeletaJ proteins), there is a much larger number of 
interesting chemically-induced effects, most of them char- 
acterized by toxicologists and pharmacologists in rodent 
systems. Just as a thorough genetic analysis would involve 
saturating a genome with mutations, it is possible to ima- 
gine a saturating number of drugs, the analysis of whose ac- 
tions would reveal tbe complete biochemistry of the cell. 
While organized drug discovery efforts usually target spe- 
cific desired effects, the nature of the process, with its de- 
pendence on screening large numbers of compounds, ne- 
cessarily produces many unanticipated effects. It is there- 
fore reasonable to suppose that the required broad range of 
compounds necessary to achieve "biochemical saturation" 
may be forthcoming; in fact, it may already exist among the 
hundreds of thousands of compounds that failed to qualify 
as drugs. 

Among organs, the liver is an obvious choice for the study 
of chemical effects because of its well-known plasticity and 
responsiveness. The brain appears to be quite plastic {e.g. 
[7]), but it is a complicated mixture of cell lypes requiring 
skillful dissection for most experiments. The kidney, while 
quite responsive, also presents a potentially confounding 
mixture of cell types. The liver, by contrast, is made up of 
one predominant cell type which is easy to solubilize: the 
hepatocytc, representing more than 95% of its mass. Most 
importantly, the liver performs many homeostatic func- 
tions that require rapid modulation of gene expression. It 
appears that most chemical agents tested affect gene ex- 
pression in the liver at some dosage (N. Leigh Anderson, 
unpublished observations), an interesting contrast to our 
earlier work with lymphocytes, for example, which seem to 
be much less responsive. Such results c nform to the expec- 
tation that cells with a homeostatic, physiological role 
should be more plastic than cells differentiated for a pur- 
pose dependent on the action of a limited number of spe- 
cific genes. 

The liver also all ws the parallels between in vitr and in 
Wv systems t be examined in detail. Significant progress 



has been made in the development of mouse, rat and ho. 
man hepaocyte culture systems, as weU as in precision-cui 
tissue slices. Using such an anay of techniques, it is pas*, 
ble to assemble a matrix of mammalian systems including 
mouse and rat in vivo on one level and mouse, rat and hul 
man in vitro on a second level, and to compare effects be- 
tween species and between systems. This approach allows 
us to ora w informed conclusions regarding the biochemical 
Universality" of biological responses among the mammals 
and to offer some insight into the validity of in vitro a* 
proaches for toxicologic^ screening. We believe this data 
will be necessary if in vitro alternatives are to achieve wide 
usage in government-mandated safety testing of drugs con- 
sumer products and industrial and agricultural chemicals. 

A number of interesting studies have been published usina 
2-D mapping to examine effects in the rodent liver. A num- 
ber of investigarors have made use of the technique to 
screen for existing genetic variants [8-1 1] or induced muta- 
uons [12-14], mainly in the mouse.This work builds on the 
wealth of genetic information available on the mouse and 
its established position as a mammalian mutation-detec- 
tion system. While some studies of chemical effects have 

n c Un ?£ n ^ Cn in ^ mousc I 15 * 17 )* m °st have used the 
rat [18-23]. The examination of the cytochrome p-450 sys- 
tem, in particular, has been carried out almost exclusively 
on the rat [24, 251. 

These considerations lead us to conclude that rodent liver 
offers the best opportunity to systematically examine an 
array of gene regulation systems, and ultimately to build a 
predictive model of large-scale mammalian gene control. 
The basic underlying foundation of such a project is a reli- 
able, reproducible master 2-D pattern of liver, to which on- 
going experimental results can be referred. In this paper, wc 
report such a master pattern for the acidic and neutral pro- 
teins of rat liver (pattern F344MST3).ln future, this master 
will be supplemented by maps of basic proteins,and analog- 
ous maps of mouse and human liver. 



2 Materials and methods 
2.1 Sample preparation 

Liver is an ideal sample material for most biochemical stud- 
ies, including 2-D analysis. A sample is taken of approxima- 
tely 0.5 g of tissue from the apical end of the left lobe of the 
liver. Solubilization is effected as rapidly as practical; a 
delay of 5-15 min appears to cause no major alteration in 
liver protein composition if the liver pieces are kept cold 
(e.g., on ice) in the interim. In the solubilization process, 
the liver sample is weighed, placed in a glass homogenize/ 
(e.g., 15 mL Wheaton); 8 volumes of solubilizing solution* 

• The solubilizing solution is composed o(1% NP-40 (Sigma) 9 m urea 
(analytical grade, e.g., BDH or Bio-Rad), 0.5* dithiothreitol (DTT; 
Sigma) and 2%. carrier ampholytes (pH 9-11 LKfi: these come as a 20% 
stock solution, so 2 % final concentration is achieved by making the final 
solution 10% 9-11 Ampholine by volume). A large batch of sol ubilizer 
(several hundred mL) is made and stored frozen at -80 # C in aliquou 
sufficient to provide enough for one day's estimated sample prepara- 
tion requirement. The solution is never allowed to become warmer 
than room temperature at any stage during preparation or thawing for 
use. since heating of concentrated urea solutions can produce contami- 
nants that covalently modify proteins producing anifactuaJ charge 
shifts. Once thawed, any unused solubilizer is discarded. 



is added (/>., 4 mL per 0.5 g tissue) and the mixture i« ho- 
mogenized using first the loose- and then then the tight-fit- 
ung glass pestle. This takes approximate])- 5 strcke< with 
each pestle and is carried out at room temperature became 
urea would crystallize out in the c Id. Once the liversample 
is thoroughly homogenized in the solubUizer. it i« assumed 
that all the.proteins are denatured (by the chaotrcsic effect 
of the urea and NP-40 detergent) and the «S iS 
vated by the high pH (-9.5). Therefore these samples may 
be kept at room temperature until they can be centrifuged 
orfrozen as a group (within several hours of preparation) 
The samples are centrifuged for 6 X 10« fm in (^..500000 
X g for 12 nun using a Beckman TL-100 centrifuge) The 
centnfuge rotor is maintained at just below room lernnera- 
ture (,.g., 15-20'C), but not too cold, so as to pTeimlhe 
precpnation of urea The centrifuge of choice is a Beckman 
TL-100 because of the sample tube sizes available b m anv 
uliracentnfuge accepting smallish tubes wjjj suffice When 
an appropriate centrifuge is not available near the site of 
sample preparation, samples can be frozen at -EO'C end 
thawed prior to centrifugaiion and collection of superna- 
lams.Each supernatant is carefully removed following cen- 
trifugaiion and aliquoted into at least 4 clean tubes for stor- 
age.Thisjs done by transferring all the supernatant to one 
clean tube, mixing this gently (to assure homogeneous 
composition) and then dividing it into 4 aliquou The aJi- 
qu ts are frozen immediately at -80*C. These multiple ah- 
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lies", produced ^UB)^^*!^?"' (We * 
Second-dimensionaJ slat gels^i £ o^i^* 9 ^ 
of 20, in cooled DALTunL (W^S^SSSR 
All run parameters, reagent source and lot inf^l^ 
and notations of deviation fio»^iSi5l£2f2£ 
record of the experiment. »«*«*u pa*e 

23 Staining 



22 Two-dimensional electrophoresis 

?h?S e y r £ CinS V C n S W £ 2 ' D e, «»°Phores« using 
the 20 X 25 cm Iso-DaJt* 2-D gel svstem fP6-?Q1- 

duced by LSB and by Hoefer sL«iSto£^ J£ 

Francisco) operating with 20 gels per batch. All first-dimen- 

sional isoelectric focusing (IEF) gels are prepared using the 

(InuTfl . sla ? dardi2ed balch <>f carrier ampholytes 
(BDH 4-8A in the present case, selected bv LSB's batch- 
lesung program for rat and mouse database'work") A 10 
mL sample of solubilized liver protein is applied to each eel 
and the gels are run for 33 000 to 34 500 volt-hours usina a 
progressively increasing voltage protocol implemented by 
a programmable high-voltage power supply. An Anse- 

dX e dhT^° n H r , 0,Jed ' radient -««ing Wem (p£ 
duced by LSB) is used to prepare second-dimensional sod- 
ium dodecyl sulfate (SDS) polyacrylamide gradient slab 

5? V" *' b ~± h V° P 5 % ° f 016 * el '* 1 1 %T «n-lam d , and 
the lower95%of the gel varies linearly from l'l%, 0 18%T. 

This system has recently been modified so as to employ a 
commercially available 30.8%T acrylarmde/^Ar-rnethyle. 
nebBacrytemide prepared solution (thus avoiding the han- 
dling of the solid acrylamide monomer) and three addi- 
tional stock solutions: buffer (made from Siena ore-set 2 ~ CoD >P u '« analysis 

ImL SSSSS, » d ^W'tetramethyShylened' 
amine fTEMED). Each, gel is identified by a computer 

n e r l n «f d ,^ l,er f , ?. erla J b . e, P 01 ^^" »to the flowerleftco. 
ner of the gel. First-dimensional IEF tube gels are loaded 



Following SDS-electrophoresis, slab gels are stained for 
pro.em using a colloidal Coomassie Blue G-250 procedu« 

El?!? 5 P n Slk b K 0XeS ^' ,lh 10 * els (^ling approxS. 
r v i! £?l P " box -™» P ro «dure (based on the wort 
of Neuhoff [30, 31]) involves fixation in 1.5L o?<0% ett? 

each in 2L of cold tap water, and transfer to 1 5 L of 34*,' 

transferred to cool up water and their < u rf a ... 2 S l n 

kept for several months in water with aSed sodium Tide 
The water washes remove ethanol that would dissoW?the 

Sound0 ^ nder thC SyStem no «o"oidal, with hS oaSt- 
grounds). The concentrated ammonium sulfate and meXL 

urn of Se 0 Lu d , ilUted b> ' e " uilib ^ion with the wateTvS 
tme of the gels to automatically achieve the correct finVt 

o?thi?« al,0nS f ° r C ° ll0idaI s,aini »8- ^ icaJ aTv^n 1 ^ 

This value is at least as good as previous CB B meihnS 5 ^ 
significantly better than WMn/S^SS^!^^ 

2.4 Positional standardization 

MK^^™" 1 mUS l le Crea,ine P h «Ph°ki„*e 
BnH a J arC P urchase d from Pharmacia and 

BDH. Ammo ac.d compositions, and numbers of residues 
present m proteins used for internal standardization a " 
taken from the Protein Identification Resource (PI Rl se 
quence database [33]. «"urcc ^riK) se- 



Tbii nuiemi (.ueceedins eeniCed bodies of which are .v.iu b le from 

d»7/^ e r ,,fie l" 1 l mJ ' nenU) hM ^ «"«»« »»«« PH aradien. Z 
(whWi^l *nipholyit leited except forth. Ph.rmaci, wide »„« 
(wh eb hu .» un.cc.puWe tendency to bind hish-molecuUr weiih! 
•odie protein*, cautinj them to itre«k). "ntmu weight 



Stained slab gels are digitized in red light at 134 micron re- 
so utton. using either a Molecular Dynamics laser scanner 
(with pixel sampling) or an Eikoni* 78/99 CCD scanner 
Raw chgitized gel images are archived on high-^nshy DAT 
tape (or equ.valent storage media) and a greys" e vE£ 
pnnt prepared from the raw digital image « h«d"copy 
backup of the gel image. Gels are processed using the b£ 
ler* software system (produced by LSB), a commercSlv 
available workstation-based software package S J 
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some of the principles of the easier TYCHO system [34- 
41J. Procedure PROC00S is used to yield £ spctlist giving 
position, shape and density information for each delected 
sp t. This procedure makes use of digital filtering, mathe- 
matical morphology techniques and digital masking to re* 
move the background, and uses fill! 2-D least-squares opti- 
mization to refine the parameters of a 2-D Gaussian shape 
for each spot. Processing parameters and file locations are 
stored in a relational database, while various log files detail- 
ing operation of the automatic analysis softwaie are ar- 
chived with the reduced data. The computed resolution and 
level of Gaussian convergence of each gel are inspected 
and archived for quality control purposes. 

Experiment packages are constructed using the Kepler ex- 
periment definition database to assemble groups of 2-D 
patterns corresponding to the experimental groups (e.g., 
treated and control animals). Each 2-D pattern is matched 
to the appropriate ^roaster" 2-D panem (panern 
F344MST3 in the case of Fischer 344 rai liver), ihereby 
providing linkage to the existing rodent protein 2-D data- 
bases. The software allows experiments containing hun- 
dreds of gels to be constructed and analyzed as a unit, with 
up to 100 gels displayed on the screen ai one time for com- 
parative purposes and multiple pages to accommodate ex- 
periments of > 1000 gels. For each treatment, proteins 
showing significant quantitative differences vj. appropriate 
c ntr Is are selected using group-wise statistical parame- 
ters (e.g., Student's t-test, Kepler* procedure STUDENT). 
Proteins satisfying various quantitative criteria (such as P < 
0.001 difference from appropriate controls) are repre- 
sented as highlighted spots onscreen or on computer-plot- 
ted protein maps and stored as spot populations {i.e., logi- 
cal vectors) in a liver protein database. Quantitative data 
(spot parameters, statistical or other computed values) are 
stored as real-valued vectors in the database. Analysis of co- 
regulation is performed using a Pierson product-moment 
correlation (Kepler procedure CORREL) to determine 
whether groups of proteins are coordinated regulated by 
any of the treatments. Such groups can be presented graphi- 
cally on a protein map, and reported together with the statis- 
tical criteria used to assess the level of coregulation. Multi- 
variate statistical analysis (e.g., principal components' ana- 
lysis) is performed on data exponed to SAS (SAS Institute). 

2.6 Graphical data output 

Graphical results are prepared in GKS and translated 
within Kepler* into output for any of a variety of devices. 
Linedrawing output is typically prepared as Postscript and 
printed on an Apple LaserWriter. Detailed maps presented 
here have been generated using an ultra-high-resolution 
Postscript-compatible Linotronic output device. GreyscaJe 
graphics are reproduced from the workstation screen using 
a Seikosha videoprinter. Patterns are shown in the standard 
orientation, with high molecular mass at the top and acidic 
proteins to the left. 

2.7 Experiment LSBC04 

In the study described here 12-week-old Charles River 
male F344 rats were used. Diets were prepared at LSB, 
based on a Purina 5755M Basal Purified Diet. Lovastatin 
and cholestyramine were obtained as prescription pharma- 



ceuticals, ground and mixed with the diet at concentrations 
of 0.0.5 % and 1% respectively. The high cholesterol diet 
was Punna f S01M-A (5% cholesterol plus 1 % sodium eho-; 
late in the control diet). Animal work was carried out by Mi- 
crobiological Associates (Bethesda,MD). Animals were ac- 
climatized for one week on the control diet, fed test or con- 
trol diets for one week, and sacrificed on day g. Average 
daily doses of lovastatin and cholestyramine in appropriate 
groups were 37 mg/kg/day and 5 g/kg/day, respectively, 
based on the weight of the food consumed. Liver samples 
were collected and prepared for2-D electrophoresis accord- 
ing to the standard liver protocol (homogenization in S 
volumes of 9 m urea, 2% NP-40, 0J% ditbiothreitol, 2% 
LKB pH 9-11 carrier ampholytes, followed bv centrifuga- 
tion for 30 min at 80000 X g). Kidney, brain'and plasma 
samples were frozen. Gels were run as described above, 
and the data was analyzed using the Kepler* svstem. Gels 
were scaled, to remove the effect of differences in protein 
loading, by setting the summed abundances of a large num- 
ber of matched spots equal for each gel (linear scaling). 

3 Results and discussion 

3.1 The rat liver protein 2-D map 

F3*4MST3 is a standard 2-D pattern of rat liver proteins, 
based on the Fischer 344 strain. This pattern was initiated 
from a single 2-D gel and extensively edited in an experi- 
ment comparing it to a range of protein loads, so as to in- 
clude both small spots and well-resolx'ed representations of 
high-abundance spots. More than 700 rai liver 2-D patterns 
have been matched to F344MST3 in a schts of drug effects 
and protein characterization experiments, and numerous 
new spots (induced by specific drugs, for instance) have 
been added as a result. A modified version including addi- 
tional spots present in the Sprague-Dawley outbred rat has 
also been developed (data not shown). Figure 1 shows a 
greyscale representation and Fig. 2 a schematic plot of the 
master pattern. More than 1200 spots are included, most of 
which are visible on typical gels loaded with 10 uLofsolubi- 
lized liver protein prepared by the standard method and 
stained with colloidal Coomassie Blue. Master spot num- 
bers (MSN's) have been assigned to all proteins, and ap- 
pear in the following figures, each showing one quadrant of 
the pattern. Figure 3 shows the upper left (acidic, high 
molecular mass) quadrant. Fig. 4 the upper right (basic, 
high molecular mass) quadrant, Fig. 5 the lower left (acidic, 
low molecular mass) quadrant, and Fig. 6 the lower right 
(basic, low molecular mass) quadrant. The quadrants over- 
lap as an aid to moving between them. "The gel position (in 
100 micron units), isoelectric point (relative to the CPK in- 
ternal p7 standards) and SDS molecular mass (from the cali- 
bration curve in Fig. 8) are listed for each spot (Table 1). Be- 
cause of the precision of the CPK-p/ values, these parame- 
ters can be used to relate spot locations between gel sys- 
tems more reliably than using pj measurements expressed 
as pH. A major objective of current studies is the identifica- 
tion of all major spots corresponding to known liver pro- 
teins, as well as rigorous definitions of subcellular orga- 
nelle contents. Of particular interest to us is the parallel de- 
velopment of identifications in the rat and mouse liver 
maps, allowing detailed comparisons of gene expressi n ef- 
fects in the two systems.The results of these studies will be 
presented systematically in a later edition of this database, 
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We have previously shown that the use of s c™,,- „ r , 
ly-spaced in.en.al p/ markers (rna de 'J J S^"" 
basic protein) offers an accurate and work4l7^ ^ a 
ihe problem of assigning position?? ,h 10 
The same system, based on 36 ^.S m 
bamyiating rabbi, muscle CPK* hSl^^LT 
sign p/s to most rat liver acidic and n.„, r .i. 10 a - 
standards were coelec,rophoresed with 2 r!° ,e ' nS - Tne 
and the standard spots adde to a , li' erFrot 5 ins - 
master pattern F344MST3. ^e gej'^ 0 td% 
liver protein spots lying within the CP K - - u a " 

then transformed into CPK p/ potions hi * , ■ ere 
between th e positions of in^^^^S^ 
(Table 1) using a Kepler- vector procedure 

It has proven possible to compute fairlv a C -u~i#. 1 
for many proteins from the 4m, ,.'i lt p/ V£ll:es 
We have attempted her™ tc tuSS^.??"**** I«J. 
approach,in which we nZXi^SeZS"" ° f 
themselves, based on our tocm-l^rf^^"" d "f» 
CPK sequence and the fact that adjacen trLni mL ; SC,e 
charge train typically differ bv bJocka« of ! 0 ? B Si-™ ° f lhe 
sine residue (Table 3). We c^S^™™*™* 
computed p/>s for an additional set of carb/rmH , h m " 
ards made from human hemoglobin te?S2. d i Wnd ' 
nes of rat liver and human plasm 1 p^^f'S '" d 8 'V 

good concordance between these svsL™ t mons,ra, « 
showsignificant deviations: HveStSSJSijI? 0 pro,eins 
(FABP; #1 in Table 4) and pro ein disultE 1 * Pr ° lein 
(«0 in the table). The FABP spo p2S on VS^T^ 
may represent a charge-modified version of a 

SKSLfSF ^.-P^ PA not "solved in ^he 
JtWSDS gel. Of particular importance is the far, ,hT, k 
comparing computed p/s of sequenced bu uni« ' * ' by 
tews with the CPK p/s, we can assipn . I " n ' oca, cd pro- 
«* n without making : any as^mpUowreS^'V 61 ,0Ca ' 
*el PH gradient. This offers a £25 lhe ac,uaJ 

*aries of P H measurement smS SEX frp " ? e Va " 
have used this approach .0 comS me CP K 5f o'f' n ^ 
and mouse proteins in the PIR sequence daiihL. " ral 
to protein identification (data no, shown? ,abase ' asana,d 



^coordinate, a is 51 m a a £ 
siting fit appeal o b ^f?: 1 ( , and * »I«I01.H» 
molecular mass. " 800d over a &ro «« range of 

" SSL' ° fnt Nation: a 0 ,e„e W , 



Experiment LSBC04 was 

•he regulation of choles^efo] nS-n". 8 STnaI, - scal < «« of 
agents included in ibeffio^-tJS? " T * Ih *< 
tor of HMG-Coa reductase) ± 1 (Mevacor *>*n »bibi- 
sccuestram that has iht «'-™rnme (a bile acid 

from thegut-Iiverrecircu aSa?d r ^r nE f bolestc "l 
firs, ,wo agents should loweTa^El J'? 1 " 0 ' ,tscIf -^ 
third should raise it aHoJ EL. ~ C ? 0 " ,ero1 and the 
Ftne expression MuSfcg^^T ° f re ' CVaat 
an experiment offers an in,eSg"est Sth^n"- Such 
system since mos, of the pathwfv . 2 * Dmapp,n 8 
low abundance, rr.anv are en2ymes are pr ««, in 

««'y 1000 proteins weS Tsepa a S* S L pIex - Appro ««na- 
mogena,es.Twen,v-on e nr^ • Md detecte d in liver ho- 
by a, leas, one reatmem and 5 f °^ d t0 be 
several coregulatedToups h " C C0Uld be divided ™° 

3,3J sefo/? P r ;;s nc h ¥ g - c , oa - h -> 

spots reculaied coordinaielv or inversely 



In orderto standardize SDS molecularweieht (STK mw, 
we have used a standard curve fitted toTSE 5? r X 
proteins (Fig. 8). Rather than SiSE 
we have elected to use the numh.,Tf • ar mass P" - **, 

«ed curve to ^^%SSSd£^, d the K f,, • 
we tried many equations «d .elSid Se S ^ '"1" 
progrm-Tablecurve-onaPCTheeo^ ,ne 



s°oNcffi°c f oTsvnSfe a "''« ned '° « hc ^<>- 
increase in abundance"^ S» 3)sh ° Wed the expe ««l 
the synergistic f^^^^^yr«^ 
tyramine, and a drimiti :d«S^ ?.u ^w" 111 8nd cho,es - 
die,. Spot number Tl3 f, , he ^m?,^? ,he , hjgh cno, «'«ol 
•ein in the present experiment s,ron 6'y regulated pro- 
duction after a 1 week t r.^L ' sh °*'ng a 5- to 10-fold in- 
1 % cholest^mmel £ ^S?" 1 - " d 

sion follows preciselv the «nV«,,' 8 ; Dd 1 0) - hs «pres- 
abundance is comro He! T," f ° ran en2yme who « 
gressivelv ina^T^XT^S^^ ^ " is 
rnme, iovastatin and lov^tatL Zs cLL.I! ' by cho, «*"- 
smics below the threshold of ™e««ff ^' iJ, T e ;« ,d * 
high cholesterol diet This snoi h.i k ' mals fed the 

fied as the cvwsol : HMG IVa < V" 'datively identi- 

a reac- 

chael Greenspan a, M ™ S Sharp 1 Doh Pr ° V i ded by Dr Mi * 
ratories. This enzvme lie. im'?/ ? mc Rescarc h Labo- 
reductase in iS^^SSS^ ^ HM ^oA 
is known l0 be co-regufa,ed wi ^ ,0Synthes,s Pathway. and 

reasonably close agreemen! wilh " , p/of " n - 4 '» 
57300 and a CPK p of Ts ? c Zt , m f 0,ecu,ar ™B*n of 
quence of the hams.er cn^T ^ ^ ^ « 

^ti^&^y™!?** ,cst (Kepl - 

found ,o be coVegS. ;5 ^U ^TTr' 1 Sp0tS Was 
was exceedingly Lh wiiT r w Vel of ""elation 
are a, similarmS le'cuUr wethTr°and an"' 125 ° and 933 ' 
charge more acidic than 4^3 (F e 9) approx "nately one 
may be covalently modSied fSs of Z ?!| ?? n », ltal ,hey 
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to comprise an additional related pair (1253 and 1001) of 
around 40 kDa and a single spot (1119) of around 21 kDa. 
Because these two presumed proteins are present at sub- 
stantially lower abundances than A 13, and because the cyto- 
solic HMG-CoA synthase is reponed to consist of only one 
type of polypeptide, they are likely to represent other, very 
lightly coregulated enzymes. A second group of six spots 
was selected based on a regulatory pattern close to the in- 
verse of that for spot 413 (MSN's 34, 79, 178, 381 204, 347: 
data not shown). For these proteins, the lowest level of ex- 
pression occurs with exposure to lovastatin plus cbolesiyra- 
mine and the highest level upon exposure to the high-cho- 
lesterol diet. Spots 1E2 and 79 are highly correlaiec and lie 
about one charge apart at the same molecular weight; they 
may thus be isoforms of a single proiein. The other four 
spots probably represent additional en2ymes or subunits. 

3 3 2 MSN 235 and coregulated spots 

A third group of five spots, mainly comprised of mitochon- 
drial proteins including putative mitochondrial HMG- 
CoA synthase spots, showed a modest induciion by lovasta- 
tin alone, but little or no effect with any of the other treat- 
ments (including the combination of lovastatin and choles- 
tyramine; Fig. 12).This result is intriguing because lovana- 
tin was expected to afTeci only the regulation of enzymes of 
cholesterol synthesis, which is entirely exira-miiochon- 
drial. Three of the spots (235, 134, 144) form a closely- 
packed triad at approximately 30 kDa, and are likely to re- 
present isoforms of one protein. All three spots are stained 
by an antibody to the mitochondrial form of HMG-CoA 
synthase obtained from Dr. Greenspan. Subcellular fractio- 
nation indicates a mitochondrial location. The other two 
spots (633 at about 38 kDa and 724 at about 69 kDa) are 
each present at lower abundance than the members of the 
triad. 

333 An example of an aoti-synergistic effect 

A sixth spot (367) shows strong induction by lovastatin 
(two- to threefold), and about half as much induction with 
lovastatin plus cholestyramine, but without sharing the ani- 
mal-animal heterogeneity pattern of the 235-set (Fig. 13). 
This protein is also mitochondrial, and represents the clear- 
est example of an anti-synergistic effect of lovastatin and 
cholestyramine. The existence of such an effect demon- 
strates that lovastatin and cholestyramine do not act exclu- 
sively through the same regulatory pathway. 

33.4 Complexity of the cholesterol synthesis pathway- 
Taken together, these results suggest that treatment with lo- 
vastatin alone can affect both cytosolic and mitochondrial 
pathways using HMG-CoA, while cholestyramine, on the 
other hand, either alone or in combination with lovastatin, 
produces a strong effect on the putative cytosolic pathway, 
but little or no effect on the putative mitochondrial path- 
way. An explanation for this difference may lie in lovasta- 
tin's effect on levels of HMG-CoA and related precursor 
compounds that are exchanged between the cytosol and 
the mitochondrion, whereas cholestyramine should affect 
only the cytosolic pathways directly controlled by cholester- 
ol and bile acid levels. It remains to be explained why some 



proteins of the putative mitochondrial pathway are so 
much more variable in their expression in all groups. An ex- 
amination of all the coregulated groups suggests that quan- 
titative statistical techniques can extract * wealth of inter* 
esting information from large sets of reproducible gels.The 
abundance of spots in the 4 13 coregulation group, for exam- 
pie, shows an amaring level of concordance in their relative 
expression among the five individuals of the lovastatin and 
cholestyramine treatment group. This effect is not due to 
differences in total protein loading, since they have already 
been removed by scaling, and since proteins with quite dif- 
ferent regulation patterns can be demonstrated (e.g.. Fig. 
13). Such effects raise the possibility that many gene coregu- 
lation sets nay be revealed through the study of a suffi- 
ciently large population of control animals (i.e., without 
any experimental manipulation). This approach, exploiting 
natural biological variation in protein expression instead of 
drug effects, offers an important incentive for the construc- 
tion of a large library of control animal patterns. 



4 Conclusions 

Because of the widespread use of rat liver in both basic bio- 
chemistry and in toxicology, there is a long-term need for a 
comprehensive database ofliverproteins.The ratlivermas- 
ter pattern presented here has proven to be an accurate re- 
presentation of this system, having been matched to more 
than 700 gels to date. As the number of proteins identified 
and tbe number of compounds tested for gene expression 
effects grows, we expect this database to contribute valu- 
able insights into gene regulation. Its practical utility in sev- 
eral areas of mechanistic toxicology is already being de- 
monstrated. 
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6 Addendum 1: Figures 1-13 




figyrr 1. Synthetic representation of the standard rat liver 2-D master paitern, rendered as a greyscale image 
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figyre:. Schematic representation of the muter pattern (the same as Fig. 1). usefu 



quadrants. 



I as an aid in relating specific areas of Fig. 1 and !he following detailed 
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/Viw Upper right (high molecular weight, basic) quadrant (#2) of the rat liver map, showing spoi numbers. 
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figures. Plot of number of amino acids versus gel r-posiiion,wiih fitted 
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< figure Z (a) Plot of computed isoelectric point versus gel JT-posiuon for 
two sets of carbamylated standard proteins (rabbit muscle CPK M and 
human hemoglobin p chain, fiHed diamonds) and several other proteins 
(shaded squares), (b) The identities of the various proteins represented 
by the squares are mdicated by the numbers in corresponding positions 
on (a); these refer to Table 4. 
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f/g«/p P. Montage showing effects in the 
region of MSN:413.The montage showst 
small window into one portion of the 3-D 
pattern, one row ofwinoows for each expe- 
rimental group, and one panel For each gel 
in the experiment. The left-most pattern 
in each row is a group-specific copy of the 
master pattern followed by the patterns 
for the five individual rats in the group. 
The highlighted protein spots (filled circ- 
les) are spot 413 (on the rignt of each pan- 
el; identified as cytosolic HMC-CoA syn- 
thase) and two modified forms of it (1230 
and 933). From the top, the rows (experi- 
mental groups) are: high cholesterol, con- 
trols, cholestyramine, lovaststin, and lova- 
statin plus cholestyramine. 
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Figure !Q. Bargraph showing the quantita- 
tive effects of various treatments on the 
abundance of MSN* 13 (cyiosoiic HMC* 
CoA synthase) in the |els of Fig. 9 
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Ftgvrt It. Bargraphs of a series of six core, 
gulated spots including MSN:413. In the 
bargraphs. the abundances of the appro* 
pnate spot (master spot number shown at 
the top of the panel) in each animal are 
shown. The five five-animal groups are in 
the order (left to right): high cholesterol 
controls, cholestyramine, lovastatin and 
lovasiaiin plus cholestyramine. Each bar 
within a group represents one experimen. 
ul animal liver (one 2-D geI).Note the cor- 
related expression of the 6 spots, espe- 
cially in the two far right (most strongly in- 
duced) groups. 




367 




figure /J. Data on spot MSN:367. presented as in Fig. U.This protein 
shows unambiguously the anii-syncrgistic effect of lovascatin and choles- 
tyramine (fifth group) as compared to lovastatin (fourth group). This res- 
ponse contrasts suongly with the regulation pattern seen in Fig. 11. 



7 Addendum 2: Tables 1-4 

Table 1. Muter tible of proteins in the rat liver database" 
MSN X Y CFKol SDSMW 



^fntlinrp^ 523 



MSN 



3 
5 

a 

11 

15 
17 
18 
19 
20 
21 
22 
23 
24 



311 
568 
812 
549 
845 
629 
906 
755 
649 
1204 
332 
787 
313 



434 
263 
426 
268 
520 
589 
414 
296 
403 



25 807 

27 1164 

28 1263 

29 743 

30 768 
32 1216 
03 1145 



34 

35 
36 
38 
39 



1037 
8G3 
712 
763 
304 



41 1165 
684 
1316 
1S24 
1203 



42 
43 



434 
424 
417 
516 
524 
446 
605 
112 
417 
445 
555 
412 
606 
694 
470 
569 
607 
589 
362 



47 1391 

48 309 



49 



605 



50 


621 


51 


1113 


52 


1620 


53 


725 


54 


2001 


55 


722 


56 


678 


57 


1682 


58 


1091 


59 


1171 


60 


1400 


61 


1853 


62 


1888 


65 


735 


66 


1263 


67 


1252 


68 


779 


69 


1064 


71 


656 


72 


638 


73 


1582 



74 1570 

75 1264 

76 1338 

77 1633 

78 1767 

79 925 



80 
81 



534 
1611 



62 1412 

83 1471 

84 1662 

85 1596 

86 1817 

87 516 

88 1589 

89 1706 
90 
91 

92 1773 

S3 1336 

94 1706 696 



651 
1415 



447 
454 

567 
535 
522 
499 
177 
500 
830 
533 
302 
580 
585 
624 
506 
567 
267 
312 
407 
692 
296 
589 
545 
583 
556 
621 
564 
363 
565 
736 
668 
363 
681 
347 
563 
479 
301 
1371 
698 
719 
329 
710 
545 



O5.0 
•24.3 
•16.0 
-25.2 
•15 J 
•21.6 
•14.0 
-17.5 
-20.9 
-6.7 
«35.0 
-16.6 
«-35.0 
-16.1 
-9.0 
-6.0 
-17.8 
-17.2 
-8.6 
-9.5 
-11.3 
•14.9 
-18.7 
-17.3 
>35.0 
-9.2 
-19.6 
-7.3 
-0.1 
-8.7 
-6.3 
<-35.0 
•22.5 
-21.8 
-10.0 
•0.9 
-18.3 
>0.0 
•18.4 
-19.6 
•2.5 
-10.3 
-9.2 
-6.2 
-0.6 
-0.4 
•18.1 
-8.0 
-8.1 
-16.8 
-10.8 
-20.6 
•21.2 
•3.6 
•3J 
-8.0 
-7.0 
-0.6 
•1.5 
•13.6 
-26.1 
-1.0 
-6.0 
•5.0 
•2.7 
-3.4 
•0.9 
-27.0 
•3.5 
•2.2 
-20.6 
-6.0 
-1.4 
■7.0 
-12 



V CFKDJ SOSMW MSN 



63,600 
10^900 
64,800 

101,000 
55.200 
50.000 
66,300 
90.200 
67,900 
62.100 
63.800 
65,000 
66.000 
55.500 
54,900 
62.400 
49.000 
346.600 
66.000 
62.500 
52.400 
66,600 
46,900 
43.800 
59,800 
51.400 
46,800 
50.000 
74.600 
50.200 
62.300 
61.500 
50.100 
53.900 
55.000 
57,000 
170.800 
56.900 
37,300 
54.100 
69,000 
50.600 
50.300 
47,800 
56.200 
51.500 
90.500 
85.900 
67.300 
43.900 
90.800 
50.000 
53.100 
50.400 
52.300 
48.000 
51.600 
74.400 
51.700 
41.600 
43.600 
74.500 
44.500 
77.500 
51.800 
56.900 
89.100 
17.400 
43.600 
42.500 
81,700 
43.000 
S3 .200 
62.300 
43.700 



95 1119 

86 1731 

57 1033 

66 1406 

99 £78 

100 2004 

101 1106 

102 482 



103 
104 
105 



665 
773 
312 



106 1769 

107 1565 

108 16£2 

109 1482 

110 778 

111 1728 

113 1191 

114 1296 

115 662 

116 1146 

117 1546 

118 1050 

120 1530 

121 638 

122 1572 



123 
124 



23 
621 



125 1296 

126 672 

127 1000 

128 1229 

129 1422 

130 1776 

131 1930 

132 660 

133 666 

134 1271 

135 1161 

136 453 

137 1658 

138 1504 
138 1486 

140 1669 

141 311 

142 1366 

143 1429 

144 615 

145 2006 

146 2006 

147 1070 
146 1347 

149 541 

150 1645 



151 


1269 


236 


152 


1507 


911 


153 


1722 


448 


154 


932 


503 


155 


1031 


294 


156 


1970 


684 


157 


1256 


183 


158 


1275 


417 


159 


1663 


820 


160 


1034 


527 


161 


1953 


771 


162 


1020 


1482 


164 


1566 


606 


166 


1905 


565 


167 


1340 


181 


168 


1506 


563 


169 


1336 


676 


170 


1969 


541 


171 


800 


378 


172 


476 


958 


173 


919 


1314 



536 
756 
566 
565 
1149 
538 
623 
455 
630 
1182 
1117 
509 
720 
807 
583 
516 
700 
680 
185 
907 
610 
849 
577 
828 
423 
712 
1433 
1474 
862 
921 
717 
311 
832 
499 
757 
537 
1019 
862 
1366 
1063 
823 
667 
707 
756 
1417 
615 
346 
1017 
566 
518 
1106 
576 
1481 
760 



•9.9 
-2.0 
-11.4 
-6.1 
•23.6 
>0.0 
•10.1 
-26.5 
-20.2 
•17.0 
<*35.0 
-1.5 
-3.6 
-2.4 
-4.8 
•16.9 
-2.0 
•6.9 
-7.5 
-19.6 
-9.5 
-4.1 
-11.1 
•4.3 
•15.4 
-3.8 
<-35.0 
-21.9 
-7.5 
-14.7 
•12.0 
-8.4 
•5.8 
-1.4 
-0.1 
•20.4 
-20.2 
-7.9 
•9.3 
•29.7 
-0.6 
-4.6 
-4.8 
-2.4 
«-35.0 
-6.7 
-5.7 
-22.1 
>0.0 
>0.0 
-10.7 
-6.9 
-25.7 
-28 
-7.9 
-4.5 
-2.1 
•13.5 
-11.4 
>0.0 
•6.1 
-7.8 
•2.6 
-11.4 
>0.0 
-11.6 
•3.8 
-0.2 
-7.0 
-4.6 
-7.0 
>0.0 
16.3 
•28.7 
13.7 



53,800 
40.700 
51,600 
51,700 
25,000 
53,700 
47,900 
61,300 
37.300 
23,800 
26.100 
56.100 
42£00 
38.300 
49,700 
55.50C 
43.500 
44.500 
160.800 
34,100 
48,700 
36.500 
50.800 
37.400 
65,200 
42.900 
1 5.30C 
13.90C 
36.00C 
33.50C 
42.60C 
86.10C 
37.30C 
57.00C 
40.70C 
53.600 
29.700 
36.00C 
16,800 
26. 10C 
37.70C 
43.70C 
43.200 
40.700 
15.60C 
33.800 
77.900 
29.800 
51.600 
55.300 
26.500 
50.800 
13.700 
40.500 
117.000 
33.900 
62.100 
56.600 
91.400 
44.400 
162.400 
65.900 
37.800 
54.600 
40,000 
13,700 
38.400 
51.700 
164,900 
50.400 
44.700 
53.500 
71.800 
32.100 
16.300 



Y CPKfil SOSMW 



174 

175 
177 
178 
179 
180 
181 
162 
184 
185 
186 
187 
186 
191 
192 
193 
194 
195 
196 
197 
196 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
210 
211 
213 
214 
215 
216 
217 
218 
219 
220 
221 
223 
225 
226 
227 
228 
229 
230 
232 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 



1364 
825 
1562 
1321 
1089 
1866 
411 
804 
1860 
1997 
279 
773 
1538 
1560 
1816 
1469 
1380 
784 
1227 
667 
2006 
1711 
872 
292 
736 
786 
1224 
439 
1994 
1895 
240 
1700 
902 
1067 
1340 
1591 
1565 
1156 
931 
713 
1479 
965 
934 
1812 
821 
1586 
1065 
1577 
1456 
1440 
1692 
616 
920 
952 
1611 
1489 
501 
1820 
1357 
711 
1655 
1189 
551 
1348 
460 
1733 
1974 
806 
874 
753 
995 
1690 
994 
506 
1517 



183 

393 

553 
710 
615 
567 
295 
730 
896 

1017 

1113 
296 
807 
674 
687 
555 
266 
632 

1165 
553 

681 

674 

424 

435 

253 

629 

589 



571 
687 
1416 
496 
517 
684 
666 
495 
755 
393 
572 
177 
911 
927 
716 
1045 
411 
1483 
567 
890 
496 
849 
489 
1004 
1138 
1008 
541 
720 
448 
569 
656 
1162 
621 
474 
459 
604 
448 
451 
788 
392 
553 
848 
450 
679 
1006 



-6.7 

-15.7 
4.6 
-7.2 
-10.4 
4.5 
-32.1 
•16.2 
-0.6 
>0.0 
O5.0 
•17.0 
+2 
•3.9 
•0.9 
-5.0 
-6.4 
•16.7 
-8.4 
•20.1 
>0.0 
-2.2 
-14.7 
<-35.0 
•18.0 
•16.7 
-6.5 
-30.9 
>0.0 
■0.3 
<-35.0 
-2.3 
-14.1 
-10.4 
•7.0 
•3.5 
-3.6 
-9.3 
-13.5 
-18.7 
-4.9 
•1£8 
-13.5 
•1.0 
-15.8 
-3.6 
-10.6 
-3.7 
-5.2 
•5.5 
•2.4 
-22.0 
-13.7 
•13.1 
•3.2 
-4.6 
-27.7 
-0.9 
-6.6 
•18.7 
•0.6 
-6.8 
•25.1 
-6.9 
-29.3 
-1.9 
>0.0 
■16.1 
•14.6 
•17.6 
•12.1 
-2.4 
12.1 
•27.4 
-44 



162.900 
80X0 

52.600 
43.000 
46.300 
51.600 
91.200 
42.000 
34.500 
29.600 
26,300 
90.800 
38.400 
44.900 
44.200 
52.400 
101.600 
47.300 
23.700 
52.600 
44.500 
44,900 
65.000 
63,700 
107.600 
37.400 
50.000 
31.100 
51.300 
44.200 
15.800 
57.000 
55.400 
44.400 
45.200 
57.300 
40.700 
68.300 
51.200 
170,500 
33.900 
33.300 
42.700 
28.800 
66.600 
13.600 
51,600 
34.600 
57.300 
36.500 
57.900 
30.300 
25.400 
30.200 
53.500 
42.500 
62.100 
51.400 
45.800 
23.800 
48.000 
59.300 
61.000 
49.100 
62.100 
61.800 
39.200 
69.500 
52.500 
36.500 
61.900 
44.600 
30.200 
60.400 
37.800 
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Master table of proteins in the rat liver database showin* *nm m... 1 " 37 a °0 

predicted molecular mass (from the sund.rd curve of Fi, 8? " pOSilion <* and »- isoelectric point relative lo CPK standard... nd 



924 



L Aorfmoa t*W. 



tkmpkmnu Iff I, /2.90M99 



MSN 



Y CPKPI SOSMW 



MSN 



Y CPKDi SOSMW 



MSN 



Y CPKOI SOSMW 



2SQ 

mV 




961 


SKA 






261 


1725 


67w 




••6 


1127 


26J 


■ MM 

1WI 


172 


AC* 

265 


1390 


679 


266 


510 


497 


267 


660 


1038 


268 


430 


961 


269 


1044 


606 


270 


2019 


853 


271 


657 


422 


272 


e95 


968 


274 


1292 


712 


27S 


1350 


590 


276 


1670 


1089 


277 


688 


538 


278 


961 


718 


278 


879 


570 


281 


1648 


1084 


282 


1505 


525 


283 


1313 


1147 


284 


1314 


829 


285 


1332 


408 


286 


1277 


652 


288 


1391 


824 


288 


1147 


579 


290 


625 


511 


291 


787 


1476 


2S2 


1462 


819 


293 


531 


449 


294 


860 


698 


295 


1162 


609 


296 


218 


814 


287 


1377 


979 


299 


913 


1523 


300 


2012 


667 


301 


702 


178 


302 


484 


1280 


303 


403 


1006 


304 


1843 


1585 


305 


1049 


503 


306 


1606 


9B9 


307 


1219 


916 


308 


1627 


755 


309 


1524 


692 


310 


1769 


1028 


311 


1609 


1451 


312 


266 


1406 


313 


1902 


1365 


314 


1316 


1395 


315 


1341 


523 



316 1104 1053 



320 
321 



1480 1459 



850 



322 1454 

323 670 

324 655 

325 1521 

326 1567 

327 1388 

328 448 
330 1608 



1566 
531 



331 
332 
333 

334 1059 

335 1593 

336 1616 
338 1854 



603 
1494 
626 
101 
676 
677 
409 
1291 
751 
697 
471 



339 1265 

340 561 



784 1156 
407 
303 
598 
1004 



341 
343 
344 1613 



585 

1487 1047 
1351 265 



649 



-1.1 
-20.4 
-2.0 
*28.0 
-10.9 
43 
-273 
-20 4 
-31.0 
-11.2 
>0.0 
-15.0 
-14.2 
-7.6 
-6.9 
-2.6 
-16.4 
-13.0 
-14.5 
-0.7 
-4.6 
-73 
•73 
-7.1 
-7.6 
-6.3 
-9.5 
-13.6 
-16.6 
-5.1 
-26 J 
-14.9 
-9.3 
<-35.0 
-6.5 
-13.9 
>0.0 
-19.0 
-28.1 
-32.6 
-0.7 
-11.1 
-3.3 
4.5 
43 
-4.4 
-13 
43 
<-35.0 
•03 
•73 
7.0 
-10.1 
-4.9 
-151 
-5.3 
-20.0 
-20.6 
-4.4 
-3.6 
-6.3 
•30.0 
43 
-33 
-263 
-16.7 
-103 
-33 
•33 
-0.6 
-8.0 
-23.6 
-4.7 
43 
-0.9 



31300 
17.700 
44,600 
25.800 
177.400 
45.000 
63,400 
29.000 
31.900 
46.800 
36.300 
65.200 
31.700 
42.900 
49.900 
27.100 
53.700 
42.600 
51.300 
27300 
54.800 
25.100 
37.400 
67.200 
46.100 
37.600 
50.700 
55.900 
13.900 
37.600 
62.000 
43.600 
46.700 
36.000 
31300 
12,400 
45.300 
169.200 
20.400 
30.100 
10.300 
48300 
30.600 
33.700 
40.700 
34.700 
29.400 
14.700 
16.100 
17.600 
16.600 
54.900 
26.500 
14,400 
48.100 
13,300 
47,700 
420.500 
44.800 
44.700 
67.000 
20.100 
40.900 
43.700 
59.600 
24.700 
€7.300 
86,500 
49.400 
30.300 
34.600 
50.300 
26.700 
102.200 
52.800 



345 1006 

346 1095 



625 
361 



347 
346 
349 

350 

351 912 

352 1574 



£78 
640 
728 
963 



353 
354 



355 1450 
356 

357 



110 1343 
521 1130 
€19 
530 
612 
762 
630 



961 
706 



1374 1152 
474 957 



-113 
-103 
-21.7 
-353 
<-35.0 
-26.7 
-133 
-3.7 
•12.9 
-183 
£3 
-6.5 
•26.7 



356 


796 


346 


-163 


358 


764 


338 


-17.3 


360 


1364 


1066 


4.4 


361 


1713 


769 


-2.1 


362 


1161 


es© 


-63 


363 


814 


1156 


-13.8 


364 


412 


435 


•32.0 


365 


741 


486 


•1 7.8 


366 


€78 


1503 


•14.6 


367 


1560 


935 


•3.9 


368 


963 


£20 


-12.4 


369 


434 


441 


•31.0 


370 


639 


610 


•213 


371 


1567 


860 


-3.6 


372 


1675 


762 


•0.5 


373 


1351 


1059 


4.8 


374 


1506 


715 


•4.6 


375 


1823 


532 


-0.8 


376 


254 


417 


«-35.0 


377 


1409 


583 


4.1 


378 


621 


464 


•21 .8 


379 


1017 


595 


•11.7 


381 


653 


598 


-13.1 


362 


656 


674 


-15.0 


383 


1252 


256 


4.1 


384 


1699 


1518 


•2.3 


385 


1042 


493 


-113 


386 


1460 


583 


-4.7 


367 


1554 


603 


-4.0 


386 


1193 


404 


4.9 


389 


1374 


802 


4.5 


390 


1456 


666 


•5.2 


391 


718 


660 


-183 


392 


1799 


732 


-1.1 


393 


1482 


758 


-4.8 


394 


1227 


1461 


4.4 


395 


1530 


577 


-4.3 


396 


1410 


755 


4.0 


397 


912 


256 


•133 


399 


1465 


1063 


-5.0 


400 


1473 


450 


-4.9 


401 


1029 


1140 


-11.5 


403 


1516 


754 


-4.4 


404 


1495 


554 


-4.7 


405 


1525 


1062 


-<.3 


406 


723 


252 


•184 


409 


650 


663 


•20.8 


410 


1501 


478 


-4.6 


411 


£36 


1057 


•13.4 


412 


350 


1120 


•353 


413 


1033 


538 


-11.4 


416 


737 


425 


-18.0 


416 


1578 


606 


-3.7 


417 


646 


466 


-21 .0 


419 


1685 


482 


-23 


416 


725 


770 


-1E.3 


420 


1289 


1041 


-7.7 


421 


1171 


912 


•9.1 


422 


596 


162 


•22.8 


423 


929 


856 


-13.6 


424 


739 


625 


-17.9 


425 


1490 


665 


•4.7 



50.800 

46.800 

42.000 

31.100 

16.300 

25,700 

48.100 

S4.300 

33.900 

40.400 

37,300 

24,900 

30.600 

77.800 

79.400 

27.900 

40,100 

36.100 

24,800 

63.700 

se.200 

13,000 
33.000 
55.200 
63.000 
48.700 
36,100 
40.400 
28,300 
42.700 
54.200 
65.900 
50,400 
57.500 
49.600 
48,400 
44,900 

105.300 
12.500 
57,500 
50.400 
46.100 
67.700 
34.300 
31.700 
44,000 
41,600 
40,600 
14 .400 
50.600 
40,600 

106.400 
28.100 
61.600 
25.300 
40.600 
52.500 
27,100 

106.000 
45.500 
56.000 
28.300 
26.000 
53,700 
64.900 
46.900 
57,300 
56.600 
40,000 
2e,900 
33.900 

163.700 
36.200 
47.700 
31.600 



426 
427 
428 
426 

430 

431 

432 

434 

435 

436 

437 

438 

438 

440 

441 

443 

446 

447 

448 

448 

450 

451 

452 

453 

454 

456 

457 

458 

460 

461 

462 

463 

464 

465 

466 

466 

469 

470 

471 

472 

473 

474 

475 

476 

477 
478 
479 
480 
462 
483 
465 
466 
467 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 



1296 
610 

1565 
1250 
1253 
734 
483 
518 
1020 
1122 
1870 
435 
86 
1740 
506 
743 
801 
1050 
1245 
1576 
1818 
1094 
1945 
1652 
1403 
1394 
905 
1038 

1596 
1528 

1096 
849 

1814 

1388 

1194 
577 

1140 

1797 

1293 
618 

2006 

1205 

1035 
160 
468 
599 

1006 

1216 
816 
693 

1608 
478 

1025 

1045 

1609 
775 
692 

1100 

1760 
882 
470 

464 

660 
1414 
1234 
1246 

824 
1246 
1115 
1189 
1578 

787 

979 
1153 
1730 



704 
643 

303 
847 

562 
1426 

433 
1041 

1170 
196 
673 

1102 
847 
544 

1571 
335 
668 
926 

1298 

1516 

1021 
440 
802 
894 
500 
718 

436 

581 

294 

863 

1137 

1125 

1072 

481 

1084 

467 

886 

524 

1133 

655 

299 

215 

788 

155 

1370 

662 

540 

235 

346 

673 
1013 

599 

607 
1186 

301 
1289 

178 

964 

776 

247 
1256 
1436 

852 

546 
1072 

659 

792 
1134 
1407 

391 

402 

250 

552 

619 
1006 



-7* 
•16.0 
43 
4.0 
4.1 
-18.1 
-28.5 
-26.9 
-11.6 
•93 
-0.5 
-31.0 

<-35.0 
-13 
-22.8 
-17.8 
-163 
-11.1 
4.2 
•3.7 
•0.9 
-10.3 
>0.0 
-23 
4.1 
4.3 
•14.0 
-113 
•3.4 
-43 

-10.2 

-15.2 
-0.9 
4.3 
4.9 

-23.9 
•9.6 
-1.1 
-7.6 

-21.9 
>0.0 
4.7 

-11.4 
<35.0 

•283 

•22.8 

•11.8 
4.6 

-15.9 

-19.3 
-3.3 

•28.6 

-11.5 

•11.2 
-3.3 

-17.0 

-19.3 

-10.2 
-1.6 

-14.5 

•28.9 

-28.1 

•12.5 
4.0 
4.3 
4.2 

-15.7 
4.2 
-93 
4.9 
-3.7 

•16.6 

•12.5 
4.4 
•2.0 



43300 
36300 
86.700 
36.800 
51.900 
15.500 
63.900 
28.900 
24300 
147.600 
45.000 
26.700 
36.600 
53.200 
10.800 
80,100 
45.200 
33.300 
19.800 
12.600 
26.600 
63.100 
38.600 
34.600 
56.900 
42.600 
63.500 
50.500 
91.400 
35.900 
25.400 
25.800 
27.800 
58.700 
27.300 
60.100 
34.900 
54.800 
25.500 
46.000 
89.900 
131.300 
38300 
207.600 
17.400 
45.600 
53,500 
117.400 
77.800 
44.900 
30.000 
49.300 
46.800 
23.700 
89.200 
20.100 
169.300 
31.800 
39.700 
110.700 
21300 
15300 
36.400 
53,100 
27.800 
45.700 
39.000 
25.500 
16.200 
69.700 
66.000 
109.000 
52.600 
46.100 
30.200 
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5il 


800 


464 


•16.0 


512 


1090 


533 


•10.2 


513 


1606 


1034 


-2J 


514 


046 


636 


-13.2 


515 


461 


543 


-26.5 


516 


1334 


1044 


-7.1 


517 


666 


1021 


•14.6 


516 


706 


779 


-16J 


519 


622 


670 


•15.7 


520 


632 


165 


-213 


521 


1332 


630 


•7.1 


522 


603 


1104 


•22.6 


523 


1100 


309 


•6.9 


524 


470 


1226 


-26.6 


525 


766 


1066 


-17.2 


526 


747 


1016 


•17.7 


527 


1170 


231 


-9.2 



526 1502 542 .4.6 53*400 

530 1 728 620 -2.0 4* 000 

532 507 1011 -27.4 30 000 

533 670 460 . .14.7 £7*900 

534 1347 1065 -6.6 27.300 

535 1513 346 -4.5 77.800 

536 306 654 «-35.0 46,000 



669 


•0.7 


44.100 


962 


-5.1 


31.100 


561 


-13.9 


52.000 


286 


•21.7 


93.100 


106 


-9.2 


146.200 


655 


-16.2 


45.900 


1143 


-6.0 


25.200 


1526 


-15.0 


12.200 


1071 


-16.2 


27.800 


274 


-6.3 


96,400 


1321 


«-35.0 


19.000 


1122 


-6.6 


25,900 


666 


-23.0 


35.800 


494 


-6.6 


57.500 


405 


-12.2 


67.600 


410 


-9.8 


66.900 


675 


-18.9 


31.400 


1030 


•4.9 


25.300 


563 


-12.5 


50,400 



559 700 1109 -19.1 26.400 



560 


1028 


621 


-113 


562 


698 


794 


•14.1 


564 


789 


1446 


•16.6 


565 


777 


766 


-16.9 


566 


960 


328 


-12.5 


567 


1519 


611 


-4.4 


566 


1212 


661 


•8.6 


570 


760 


504 


-17.4 


571 


616 


956 


-21.9 


573 


1142 


771 


-9.6 


574 


532 


787 


-26.2 



575 


771 


250 


-17.1 


576 


1066 


534 


-10.8 


577 


822 


734 


-15.7 


576 


914 


754 


•13.6 


579 


1064 


794 


-10.8 


560 


1524 


714 


-4.4 


581 


1362 


763 


-6.3 


562 


962 


666 


-12.4 


564 


1467 


672 


•4.6 


565 


756 


731 


•17.4 



619 269 
597 1176 461 
596 1465 1044 

599 741 1168 

600 907 4C2 

601 667 656 
** 712 1138 
603 896 181 

783 1461 

605 736 223 
"6 629 273 
607 1064 286 

606 663 503 

609 2012 610 

610 1255 003 

612 1103 391 

613 778 265 

614 -£24 £ie 

615 1095 195 

616 1759 478 

617 994 372 

618 751 374 

619 1429 518 

620 1050 520 

621 923 1105 

622 1 462 622 
€23 750 225 

624 758 1036 

625 1436 606 

626 1096 1069 

627 &42 543 

628 60S 621 

629 £06 579 
«30 1135 1321 

631 979 615 

632 1542 1076 

633 1345 £14 

634 406 950 

635 1165 704 

636 774 604 

637 1263 524 

638 652 411 
638 1717 575 

640 994 292 

641 165 1224 

642 603 251 

643 719 296 

644 1100 294 

645 534 1263 

646 1153 1036 
648 1246 204 
6*9 14 1406 

650 1713 1049 

651 1666 1163 

652 1376 616 

653 1442 ii65 

654 650 606 

655 lit! 55! 

656 1095 861 



657 1524 

656 1777 

659 391 

660 677 

661 656 



'21.9 100,500 

•6.1 60.700 

-5-0 26.600 

-17-9 23,600 

-14.0 66.000 

-19.5 45.800 

-18.7 25,400 

•14.1 165.200 

-16.7 14,400 

-18.0 125.300 

•21 6 96,700 

-10.6 94.000 

•"•5 56.700 

>0,0 46,700 

"6-1 34.200 

•10.1 69,600 

-16.9 1C2.000 

-15.7 55.400 

-10.3 149,100 

•1-6 59.000 

■121 72,900 

-17.6 72.400 

•5-7 55.300 

•11-1 £5.200 

•13-7 26,600 

-5.1 47.900 

-17.4 1 24.000 

-17.4 29.000 

-5.5 46.900 

•10.2 27,200 

'13.3 53.000 

-16.0 46,000 

- 14 -1 31.300 

-9.6 19,100 

'12-5 48.300 

^•1 27.600 

-6-9 38.000 

-32.2 32.400 

•8-2 43.300 

-17.0 49,000 

-6.0 54,800 

■13-1 66.700 

*2-1 51,000 

•12.1 92,000 

••35.0 22.400 

•16.2 106,900 

■16-5 90,700 

■10.2 91,400 

•26.1 21.000 

-*4 29,000 

"8-2 140.000 

-35.0 ie.200 

•21 26,600 

>0.0 23.800 

•6.5 3e,000 

-5.5 24 400 

'20.6 36.400 

■10.0 52.700 

103 36.000 



MSN 



D>ub **« of rat liw prottau 925 
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" — -IM 24.900 

587 630 523 -1 3 .5 5£.0» 

566 1886 774 -0.4 39 900 

569 642 485 -21.1 56300 

590 1317 519 .7.3 55 300 

591 65 1548 <-35.0 u'.SOO 

592 1014 614 .11.7 46 400 

593 732 176 -16.1 172 300 
» 1627 478 -3.0 g£ 
595 1009 1426 -11.8 15.500 



662 732 312 

663 1767 567 

664 686 266 

665 889 775 

666 715 221 

667 781 227 
666 646 165 

669 1116 353 

670 1382 643 

671 547 789 
673 984 746 



t£ M4 53600 

ff° *1 4 36.000 

584 -33.4 50 400 

565 -12.5 51700 

166 -20.5 187,500 



•16-1 86.100 

-1-2 51.500 

-U-4 100,900 

•14-3 35.800 

■166 126,300 

-16.8 122.400 

•21.0 189.100 

-9-9 76.300 

•6*4 46.600 

-25.3 39.200 

-12.4 41.200 



T?l IS - 62.100 

675 1523 563 ua Tv^Z 

«76 706 £f on fl** 

577 919 fits 

678 10« «? * 137 

679 2 ^ - 105 52.700 
c " "00 923 -22 7 ->i 

660 1237 1004 T3 55 

«1 "03 si! ,T? 30 - 300 

682 1406 * 10 - 1 95 ' 100 

Ui £ *? 34 ^."CO 



«8.100 



663 


1596 


664 


555 


665 


1167 


686 


1932 


687 


1545 


666 


1456 


669 


1011 


690 


1995 


691 


812 


692 


1154 


603 


1993 


694 


1628 


695 


928 


696 


1854 


667 


1997 



619 


-4.1 


764 


-5.2 


953 


-11.8 


270 


>0.0 


866 


-16.0 


1461 


-9.4 


619 


>0.0 


656 


-3.0 


254 


-13.6 


715 


-0.6 


345 


>o.o 


563 


-13.0 


730 


-4.2 


900 


-23.8 


562 


-3.2 


571 


-7.8 


704 


•0.7 



"l S % 1 s~ 

? H 1328 5«a T. 36 -«» 

715 6« !S 71 '•03.100 

7,1 ,~ 433 * 191 63 900 

7 7 ,221 481 -»■■ S8700 

721 1069 464 ,nf 1404 00 

g| i « as 

I 1 ? :i " as 

(25 720 916 -18.5 33700 

726 1<76 415 .49 fir™ 

727 , 846 473 437 »S 

728 510 783 -27 3 £i£ 
728 1217 H26 <6 

730 1658 724 43J Jf?? 

™ 665 765 -»] 2» 

733 1321 3,2 Iff 

111 »• 2 -«i SS 



51.900 



13,000 



735 


1101 


473 


736 


1359 


569 


738 


696 


220 


739 


667 


409 


740 


1205 


256 


741 


995 


563 


742 


868 


596 


743 


661 


181 


744 


1951 


686 


745 


726 


168 


746 


999 


643 


748 


162 


1503 


749 


2005 


648 


750 


1448 


575 


751 


792 


266 


752 


469 


296 


754 


664 


254 


755 


1195 


184 


756 


1821 


1113 


757 


909 


246 


760 


790 


133 



LAodttaeaMt 



MSN 



V CFKOI SDSUW 



MSN 



V CFKDl SCSWW 



MSN 
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761 

763 

764 

765 

766 

767 

766 

769 

770 

771 

773 

775 

776 

777 

778 

779 

780 

764 

785 

786 

767 

790 

791 

792 

793 

794 

796 

797 

796 

799 

600 

801 

602 

803 

804 

805 

606 

807 

808 

809 

eio 
en 

812 
813 
814 
815 
816 
817 
818 
619 
820 
621 
622 
823 

e24 

825 
£26 
827 
826 
630 
631 
632 
833 
634 
837 
838 



1399 
1416 
2020 
65f 

1052 
1966 
1330 
1970 
657 
1337 
1576 
969 
1438 
1539 
850 
700 
1052 
1413 
1364 
1822 
893 
616 
451 
777 

1536 

1461 
386 

1126 
933 

U20 

1759 
624 
866 

1775 
573 
203 
960 
902 
625 

1851 

440 

1356 

851 

745 
2028 
1066 

629 
1376 
1771 
1045 



640 
641 
842 
643 
644 
845 
846 
647 



1712 
1256 
1517 
1442 
1240 
1306 
2012 
937 
1342 
562 
1073 
481 
501 
751 
635 
1494 
1952 
1565 
571 
1325 
1727 
630 
2016 
673 



733 
1065 
569 
476 
1149 
466 
665 
613 
617 
974 
502 
624 
706 
458 
434 
411 
1136 
529 
885 
635 
392 
862 
1429 
377 
1543 
807 
546 
212 
437 
593 
279 
865 
547 
1468 
196 
494 
1039 
306 
627 
1015 
573 
246 
393 
1246 
610 
645 
313 
1177 
790 
263 
362 
279 
205 
654 

449 

513 
1014 

706 
1406 

756 

626 
1039 

620 

561 

746 

633 

459 

301 
1060 
1312 
646 
301 
679 
905 
1200 



*2 
•5.9 
>0.0 
-20.8 
•11.1 
>0.0 
•7.1 
>0.0 
-15.0 
-7.0 
.3.7 
-12.8 
-5.5 

-15.1 
-19.1 
-11.1 
-6.0 
-6.7 
-0.9 
-14.3 
-22.0 
-29.6 
-16.9 
-4.2 
-5.1 
•33.6 
•9.8 
-13.5 
-5.9 
-1.6 
-21.7 
-14.2 
-1.4 
-24.0 
<-35.0 
-12.5 
-14.1 
-21.7 
-0.7 
-30.9 
-6.6 
-15.1 
-17.8 
>0.0 
•10.4 
-21.6 
-6.5 
-1.4 
-11.2 
-12.4 
-2.2 
4.1 
-4.4 
-5.5 

-e.3 

-7.4 
>0.0 
-13.4 
•7.0 
-24.5 
-10.7 
-26.5 
-27J 
-17.6 
-21 J 
-4.7 
>0.0 
•3.6 
-24.1 
•7.2 
•2.0 
-21.5 
>0.0 
-16.9 



41.600 
27.300 
51,400 
56.300 
25.000 
55.900 
44.300 
46.500 
46.200 
21.500 
56.700 
37.600 
43.100 
€1.000 
63,800 
66,800 
25.500 

54,400 

35.000 
37.100 
69.500 
35,100 
15.400 
72.000 
11.700 
36.300 
53,100 
133,700 
63.400 
46.800 
96.500 
25,600 
53.000 
U.200 
148.400 
57.400 
29.000 
£7.200 
37.500 
29.900 
51.100 
106.700 
69.400 
21.600 
36.200 
46.500 
65.700 
24.000 
39.100 
103.100 
74.600 
96.700 
135.200 
46.000 
62,000 
55.600 
29.900 
43.100 
16.200 
40.700 
37.500 
29.000 
37,800 
50.500 
41.100 
37.200 
60.900 
89.300 
27.500 
19.400 
46.300 
89.200 
44.600 
34.200 
23,200 



646 1863 
648 1166 



271 
523 

650 1 535 1024 

651 1035 
634 
499 



652 
655 



626 
542 
220 
194 

e9o 

636 

311 

660 1C70 1066 
472 
674 
1307 
645 



656 1063 

657 667 
656 1448 
859 706 



861 
662 
864 
865 
666 
666 

669 1 807 

670 1323 

671 1228 

672 1904 
£73 £56 
£74 1640 
£75 1566 
£76 1196 
£77 1C76 



347 
460 
499 
667 



£76 


1161 


879 


647 


660 


1756 


661 


1543 


663 


1432 


664 


922 


665 


1103 


666 


1501 


667 


796 


888 


636 


688 


951 


690 


717 


891 


1123 


692 


e9i 


694 


1245 


ess 


1962 


696 


1322 


897 


420 


898 


662 


699 


645 


900 


624 


901 


931 


903 


799 


904 


765 


905 


775 


907 


6B6 


906 


628 


910 


681 


911 


1544 


913 


1606 


914 


1237 


916 


1442 


917 


1260 



919 

920 1133 
921 
923 



627 1004 
685 4fr4 
402 

763 
1031 
346 
647 
756 
777 
351 
720 
1111 
757 
594 
278 

e90 

689 

414 

607 
1103 
634 
759 
546 
229 
413 
234 
346 
626 
570 
428 
243 
703 
1094 
229 
520 
689 
624 
1303 
1544 
301 
387 
668 
749 
367 



924 1131 

925 1441 
526 679 
927 1467 

926 1062 
529 1231 



764 1 541 
1123 
360 
242 



1123 
629 



931 
932 
933 
934 
936 



1609 
810 
965 
947 
865 



937 1421 



316 
874 
218 

1191 
775 
816 
670 
900 
520 
462 
843 

1056 



•0.6 
-9.2 
-<.2 

•11.4 

-15.5 
-27.8 
-10.8 
-14.4 
-54 
-18.8 
-10.7 
-2£.6 
-16.9 
•7.4 
•21.0 
-15.6 
-19.5 
-1.0 
•7.2 
•6.4 
-C.3 
•24.6 
-4.2 • 
-3.8 

-e.e 

-10.6 

•6.3 
-20.9 

-1.6 

-4.1 

-5.7 
•13.7 
•10.1 

-4.6 
•16.3 
-21.3 
-12.1 
-ie.6 

-5.6 
•14.3 

-e.2 

>0.0 

•7.2 
-31.4 
-20.3 
-15.3 
-21.7 
•13.5 
-16.3 
•17.2 
•17.0 
■14.4 
-15.6 
•16.7 

-4.1 

■3.3 

-e.3 

•5.5 

-6.0 
-17.3 

-9.7 

-6.6 
-15.6 

-97 

■5.5 
-19.7 

-4.8 
-10.5 

-8.4 

-3.3 
•16.0 
•12.6 
•13.2 
■14.8 

•5.9 



99.500 
54.900 
29,600 
37.500 
53.400 
127.100 
150.500 
34,800 
46,900 
66.200 
26.000 
77.600 
56.800 
57,000 
34,900 
30.300 
57.400 
66.000 
39,400 
2S.3O0 
77.700 
46,400 
40.700 
39,700 
76,800 
42.500 
26.400 
40700 
49,700 
97,100 
34,800 
44,100 
66.400 
46.900 
26.600 
47.200 
40.600 
52.900 
121.200 
66.400 
117.800 
77.700 
47.700 
51.300 
64.500 
113,000 
43.400 
27.000 
121.000 
55.200 
34.800 
37.600 
19,700 
11.700 
85.100 
70.400 
44.100 
41,100 
73700 
11.700 
25.900 
71.500 
113,200 
84,300 
35.400 
126.200 
23.500 
35.800 
36.000 
45.100 
34.400 
55.100 
60.600 
36.800 
26.400 



939 
941 

942 
943 
944 

945 
946 
947 
948 
949 
950 
951 
952 
554 
955 
957 
959 
960 
961 
962 
963 
964 
965 
966 
967 
968 
969 
970 
971 
972 
974 
975 
576 
677 
978 
579 
960 
961 
963 
964 
965 
967 
966 
990 
991 
992 
993 
994 
995 
996 
997 
996 
999 
1000 
1001 
1002 
1003 
1006 
1007 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1020 
1021 
1022 
1023 
1024 
1025 



1197 
1765 
602 
312 
9S3 
1300 
630 
187 
1380 
1766 
1038 
860 
957 
503 
1936 
1010 
768 
596 
557 
667 
564 
969 
671 
1204 
910 
609 
1285 
822 
976 
403 
279 
844 
1124 
994 
1612 
749 
1064 
1197 
1762 
1344 
1024 
739 
816 
785 
1159 
1090 
1030 
847 
902 
886 
1815 
1205 
617 
968 
970 
1736 
643 
622 
875 
291 
1386 
459 
€79 
1818 
1032 
1629 
1311 
1722 
1015 
1574 
781 
1129 
612 
785 
1290 



627 
885 
472 
496 

491 

2G9 
423 

736 
344 

665 
193 
152 
701 
547 
712 
816 
174 
419 
409 
320 
334 

1155 
255 
796 
154 

1048 
206 

232 

437 

567 

495 

981 

295 

664 

642 

1141 

642 

911 
1506 

317 
1105 

1159 

555 

361 

317 

928 

701 

811 

461 

B47 

579 

504 

289 

290 

771 

47B 
1184 

487 

279 

644 

745 

541 

661 
1128 

634 

994 
1134 

424 

743 
1219 

464 
83 

317 

446 

739 



-8* 

•1.5 

•22.7 
OSA 

-12.1 
•7.5 

-21.6 
<-3S.O 
-6.5 
-1.5 

•11 J 

-14.9 

-13.0 

•27.6 

>0.0 

•11.8 
•17.2 

•23.0 
-24.8 
•14.4 
•24.5 
•12.8 
-20.0 

-8.7 
-13.9 
-22.3 

-7.7 
-15.8 
-12.6 
•32.6 
<-35.0 
-15.3 

•9.8 
•12.1 

•3.2 
-17.7 
-10.8 

4.8 

-1.6 

-6.9 
-11.5 
-17.9 
-15.9 
-16.7 

-9.3 
-10.4 
•11.5 
-15.2 
-14.1 
•14 4 

-0.9 

-8.7 
-22.0 
-12.8 
-12.7 

•1.9 
•21.1 
•15.6 
•14.6 
<-35.0 

-64 
•294 
-19.7 

-0.9 
•11.4 

-3.0 

-7.4 

-2.0 
•11.7 

-37 
•16.6 

-6.7 
-15.9 
-16.7 
•7.7 



37.500" 
35.000 
59.600 
57,100 
57.700 
100.300 
65.100 
41.600 
76.200 
45.400 
151.000 
213.000 
43.400 
53.000 
42.900 
37.900 
174.900 
65,700 
67.100 
63.900 
80.500 
24.800 
106.600 
38.700 
210.300 
28.700 
138.900 
119.300 
63.400 
51.600 
57.400 
31.200 
91,100 
45.400 
46.700 
25.300 
46.700 
33.900 
12.800 
84,700 
26.600 
24.600 
52.400 
74.900 
84.500 
33.300 
43.400 
38.200 
60,700 
36.600 
50,700 
56.500 
93.100 
92.700 
40.000 
56.900 
23.700 
56.100 
96,400 
46.600 
41.200 
53.500 
45.600 
25.600 
47.200 
30.700 
25.500 
65.000 
41.300 
22.500 
58,400 
591.300 
84.600 
62.400 
41.500 
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MSN 



Y CPKDl SOSMW 



MSN 



Y CPKDl SOSMW 



1C26 
1C27 
1028 
1030 
1C31 
1032 
1C33 
1034 
1035 
1036 
1039 
1040 
1041 
10*4 

i&a 

1W7 
1U6 
1W6 
1050 

ioei 

1052 
10S3 
1054 
1055 
1056 
1C56 
1060 

ioei 

1062 
1064 
1065 
1066 
1067 
1066 
1069 
1C71 
1C73 
1075 
1C76 
1C78 
1061 
1063 
1065 
1090 
1092 
1093 
1064 
1095 
1096 
1099 
1101 
1102 
1103 
1105 
1106 
1107 
1106 
1111 
1112 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1125 
1126 
1128 
1133 
1139 
1147 
1148 



1298 
£56 
12*4 
986 
1S47 
1381 
1£25 
1128 
1226 
1761 
541 
£18 
1036 
1439 
1540 
1576 
1089 
949 
426 
1563 
779 
1613 
1380 
264 
1261 
393 

iei7 

1245 
1258 
705 
1181 
529 
508 
1898 
673 
1768 
636 
1863 
£26 
971 
1697 
1157 
620 
1867 
2019 
1546 
1545 
61 
1954 
588 
1050 
457 
1884 
1714 
1717 
1876 
547 
1348 
1385 
1078 
975 
1202 
1022 
1906 
1512 
1114 
14<4 
1048 
1122 
1722 
1098 
1830 
764 
1968 



652 
848 

547 
- 226 
622 
403 
551 
496 
645 
274 
262 
839 
810 
465 
407 
250 
635 
411 
1040 
616 
1365 
1092 
620 
377 
663 
746 
605 
645 
746 
792 
934 
734 
656 
696 
604 
606 
1128 
773 
861 
566 
483 
202 
794 
910 
597 
694 
538 
477 
935 
237 
1048 
667 
797 
532 
649 
546 
722 
1066 
621 
762 
616 
787 
933 
1076 
616 
1301 
677 
452 
857 
802 
692 
825 
569 
1182 
724 



423 
•7.5 
-15.0 
•7.7 
-12.3 
-4.1 
-6.4 
-4.3 
'-9.7 
4.5 
-1.6 
-25.7 
-15.8 
-114 
-54 
-44 
-3.7 
-10.4 
-134 
-31.1 
-3.6 
-164 
-34 
-6.5 

:-35.0 
-6.0 
-334 
-0.9 

-e.2 

-8.1 
-18.9 
-9.0 
•264 
-27.4 
-04 
-14.7 
-1.5 
-15.4 
-0.6 
-15.7 
-12.7 
-24 
-9.4 
-214 
-0.5 
>0.0 
-4.1 
-4.1 
<-35.0 
>0.0 
•234 

-ii.i 

-29.5 
-0.4 
-2.1 
-2.1 
>0.0 
-254 
-64 
-6.4 
•104 
-12.6 
-8.7 
-11.6 
-04 
-44 
-9.9 
-5.1 
-11.1 
•9.6 
•2.1 
•104 
44 
-174 
>0.0 



MSN 



Y CPK* SOSMW 



£2.600 
36400 
£3.000 
123400 
37.700 
€7.900 
£2.700 
£7400 
46.500 
K.300 
103,600 
36.900 
34.000 
56.300 
67.300 
109.200 
47.100 
66.700 
26.900 
37,800 
16.900 
27.000 
46.000 
72.000 
45.500 
41.200 
49.000 
46.600 
41.200 
39.000 
33.000 
41.800 
45.800 
43.700 
46.100 
46.700 
25.800 
39.900 
36.000 
£1.600 
56,500 
142400 
36.900 
34,000 
46.500 
34.600 
53.700 
56.100 
33.000 
116.000 
28.600 
45.200 
36.800 
54400 
46400 
53.100 
42.400 
28.000 
48.000 
40.400 
38.000 
39.300 
33.100 
27.600 
48.300 
19.700 
44.700 
61.700 
36.200 
36.600 
34.700 
37.500 
51.400 
23.800 
42400 



1153 
1154 
1161 
1162 
1163 
1168 
1170 
1171 
1172 
1174 
1176 
1177 
1178 
1179 
1180 
1181 
1162 
1183 
1164 
1165 
1186 
1189 
1190 
1191 
11S2 
1193 
1194 
1195 
1196 
1167 
1196 
1199 
1200 
1201 
1202 
1203 
1204 
1205 
1208 
1209 
1210 
1211 
1212 
1214 
1215 
1216 
1217 
1216 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 



821 
1594 
637 
623 
665 
564 
££2 
536 
545 
1096 
13G4 
1366 
16G6 
14£5 
1456 
1431 
14C7 
1383 

1454 

1422 
1394 
1171 
1457 

666 

265 

403 



505 
£72 
639 
637 
614 
637 
10S5 
1719 
791 
964 
313 
306 
320 
326 
394 
402 
386 
641 
660 
914 
873 
970 
1021 
1392 
1354 
1362 
673 
614 
603 
696 
707 
475 
466 
759 
1324 
1583 
1865 
1812 
1411 
1392 
794 
769 
740 
743 
713 
682 
663 
565 



1158 
664 
400 
387 
367 
£28 
£29 
£24 
£14 
£22 
586 
£39 
702 
224 
224 
223 
223 
224 
162 
163 
162 
214 
286 
1114 
£63 
1262 
1275 
1311 
1263 
1502 
1402 
1407 

1431 

1394 

1545 
666 

1021 
195 
194 

197 

197 

294 

294 

294 

329 

329 

266 

245 

372 

296 

205 

203 

205 

540 

542 

539 
623 
628 
447 
1282 
1461 
1170 
1005 
609 
817 
703 
682 
410 
407 
406 
511 
510 
509 
504 
562 



-13.7 
-3.5 
-214 
•214 
•204 

•24.4 

•25.0 
-25.9 
•254 
•10.2 
-7.5 
-6.6 
-3.3 
-4.6 
54 
-5.7 
-6.1 
-64 
-5.3 
-54 
-6.3 
-64 
-5.2 
•19.5 
<-35.0 
-32.6 
<-35.0 
•27.6 
•24.1 
-21.2 
-21.3 
-22.1 
-21.3 
•10.3 
•2.1 
•16.5 
•12.6 
<-35.0 
<*35.0 
«-35.0 
«-35.0 
•33.2 
•32.7 
•33.7 
-21.2 
•20.4 
-13.8 
-14.7 
-12.7 
•11.6 
-6.3 
-68 
-6.7 
•19.9 
-22.1 
-22.6 
•19.2 
■16.9 
-28.7 
•29.0 
-17.4 
-7.2 
•3.6 
-0.6 
-1.0 
-6.0 
-6.3 
-16.4 
-17.1 
-17.9 
-17.8 
-18.7 
-19.6 
-20.3 
-24.4 



24.700 
35.900 
66.400 
66.800 
66.700 
54.500 
54,500 
54.800 
55.700 
55.000 
5C400 
£3.700 
43.400 
124.900 
124.900 
125.100 
125.200 
124,700 
164,400 
162.600 
164.300 
131.800 
94.200 
26.200 
34.700 
20.000 
20.600 
16.400 
20,000 
13.000 
16.300 
16.200 
15.400 
16.600 
11.600 
45,200 
26.700 
146,700 
146.800 
147.400 
146,600 
91.400 
91.200 
91.400 
61,600 
61,600 
101 ,800 
112.000 
72,900 
90,100 
136.500 
141.800 
13S.500 
53.600 
53.400 
£0.600 
47.800 
47.500 
62.300 
20 400 

14.400 

24.200 
30.300 
36.200 
37.900 
43.400 
44.500 
66.900 
67.300 
67.500 
55.900 
56.000 
56.100 
56.500 
50.500 



547 
530 
516 
873 
607 
665 



1246 
1247 
1249 
1250 
1251 
1252 
1253 

1254 nil 

1255 1300 

1257 1636 

1256 1806 

1258 1727 

1260 1629 

1261 1555 

1262 1466 

1263 1413 

1264 1340 

1265 1263 

1266 1162 

1267 mo 

1268 1055 

1269 999 



1270 

1271 

1272 

1273 

1274 

1277 

1278 

1279 

1280 

1281 

1262 

1283 

1284 

1285 

1286 

12B7 

1286 

1289 

1290 

1291 

1292 

1293 

1294 

1295 



959 

905 

857 

810 

774 

737 

702 

671 

645 

617 

595 

573 

552 

536 

515 

496 

467 

447 

427 

412 

397 

381 

365 

346 



577 

576 

572 

536 

532 

529 

766 

748 

761 

712 

718 

715 

713 

717 

717 

722 

717 

717 

720 

717 

717 

717 

715 

712 

714 

705 

711 

706 

711 

710 

710 

707 

704 

700 

695 

694 

687 

683 

669 

667 

655 

655 

652 

654 

653 



. -254 
•264 
-27.0 
•12.7 
-22.4 
-204 
-14.1 
-7.4 
-7.5 
0.0 
-1.0 
•2.0 
-3.0 
-4.0 
-5.0 
-6.0 
-7.0 

-e.o 

-9.0 
-10.0 
-11.0 
•12.0 
•13.0 
•14.0 
•15.0 
•16.0 
•17.0 
-18.0 
-19.0 
-20.0 

•21.0 

-22.0 

-23.0 

•24.0 

•25.0 

-26.0 

•27.0 

•26.0 

•29.0 

•30.9 

-31.0 

-32.0 

-33.0 

•34.0 

35.0 



653 <e-35.0 



50400 

50400 

51400 

53.900 

54400 

54.400 

40400 

41400 

40.400 

42.900 

42.600 

42.700 

42.800 

42.600 

42.600 

42.400 

42.600 

42.600 

42.500 

42.600 

42.600 

42.600 

42,700 

42.900 

42.800 

43400 

42.900 

43.100 

42.900 

43.000 

43.000 

43.100 

43.300 

43.500 

43.700 

43.800 

44.200 

44.400 

45.200 

45.300 

45.900 

45.900 

46.100 

46,000 

46.100 

46.100 
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0 

-1 
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•3 
-4 
-5 

-e 

-7 

-a 

-9 
-10 

-11 

-12 

•13 

-14 

•15 

-16 

-17 

•18 

-19 

-20 

-21 

-22 

-23 

-24 

-25 

-26 

-27 

-28 

-29 

•30 

-31 

-32 

•33 

-34 

•35 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7. 
-8 

-9 
-10 
-11 
-12 



Protein Name 



PI* f ASP #GLU #H!S HYS 
"a™ 3* 4.1 6.0 10.8 



*ARG NH2- Gate Real 
12.5 7.0 pi CPK 



28 
28 
26 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 



27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 

8 
8 
8 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 



17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 



9 
9 
9 
9 
9 
9 

9 

9 

9 

9 

9 

9 

9 



34 

33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 



11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 



18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



6.84 
6.67 
6.54 
6.42 
€.31 
6.21 
6.12 
6.03 
5.94 
5.85 
5.76 
5.67 
5.58 
5.48 
5.39 
5.29 
5.20 
5.12 
5.04 
4.96 
4.89 
4.83 
4.77 
4.71 
4.66 
4.61 
4.56 
4.52 
4.48 
4.44 
4.40 
4.36 
4.32 
4.29 
4.25 
4.22 



7.18 

6.79 

6.53 

6.32 

6.13 

5.96 

5.78 

5.59 

5.37 

5.14 

4.91 

4.71 

4.54 



0.0 
•1 
-2 
-3 
•4 
-5 
-6 
-7 
•8 
•9 
-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
•19 
-20 
-21 
-22 
-23 
-24 
-25 
-26 
-27 
•28 
-29 
-30 
-31 
•32 
•33 
-34 
-35 



•1.8 
-3.2 
-5.3 
-7.2 
-10.0 
-12.3 
-15.5 
-18.0 
-21.0 
-25.5 
-27.2 
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Tiblc 4. Computed pts of some known proteins related to meisured CPK pf s 



Prctein Name 



FIR *ASP #GLU #HIS #LYS f ARC Calc 
Heme 3.9 4.1 €.0 10J . 12J5 0 I 



CMC 



0 Creatine phospho kinase (CPK), rabbit muscle 

1 Fatty acid-binding protein, rat hepatic 

2 b2-microglcbufin, human 

3 Cartamoyl-phcsphate synthase, rat 

4 Prealbumin ( serum albumin precursor), rat 

5 Serum albumin, rat 

6 Superoxid dismuiase (Cu-Zn, SOD), rat 

7 Phcspholipase C, phophoinositide-specific (?), rat 
6 Albumin, human 

9 Apo A-l lipoprotein, rat 

10 proApo A-l lipoprotein, human 

1 1 NADPH cytochrome P-450 reductase, rat 

12 Retinol binding protein, human 

13 Actin beta, rat 

14 Actin gamma, rat 

15 Apo A-l lipoprotein, human 

16 Apo A-IV lipoprotein, human 

17 Tubulin alpha, rat 

18 FiATPase beta, bovine 

19 Tubulin bete, pig 

20 Protein disulphide isomerase (PDI). rat hepatic 

21 Cytochrome b5, rat 

22 Apo C-ll lipoprotein, human 

Amino acid pi assumed in calulation: 



K1RECM 
F2RTL 
MGHUE2 
SYRTCA 
AERTS 
ABRTS 
A26610 
A26607 
ABHUS 
A24700 
LFHUA1 
R0RTO4 
VAHU 
ATRTC 
ATRTC 
LPHUAl 
LPHUA4 
UBRTA 
FWBOB 
UEPGB 
ISRTSS 
CBRT5 
LPHUC2 



28 
5 

7 
72 
32 
32 

8 
34 
36 
18 
16 

41 

18 
23 
20 
16 
20 
27 
25 
26 
43 
10 
4 



27 
13 
8 
96 
57 
57 
11 
42 
61 
24 
30 
60 
10 
26 
29 
30 
49 
37 
36 
36 
51 
15 
7 



17 
2 
4 

28 

15 

15 
10 

9 
16 

6 

6 
21 

2 

9 

9 

5 

8 
13 

9 
10 
11 

6 

0 



34 
16 
8 

95 
53 
53 
9 
49 
60 
23 
21 
38 
10 
19 
19 
21 
28 
19 
22 
15 
51 
10 
6 



18 
2 
5 

56 

27 
24 

4 
21 
24 
12 
17 
36 
14 
18 
18 
16 
24 
21 
22 
22 

9 

4 

1 



6.64 

7.83 

6.09 

5.97 

5.98 

5.71 

5.91 

5.92 

5.70 

5.32 

5.35 

5.07 

5.04 

5.06 

5.07 

5.10 

4.68 

4.66 

4.60 

4.49 

4.07 

4.59 

4.44 



0.0 
•3.0 
•5.0 
-5.5 
•6.2 
-9.0 
-9.2 
•9.2 
•11.9 
-13.7 
-14.3 
-15.6 
-16.9 
-17.2 
-16.8 
-17.5 
-19.7 
-19.8 
-21.0 
-22.5 
-25.0 
-26.0 
•30.5 
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DNA sequences ■ 
(Human Genome Project) 



-Physical mapping — 
(Human Genome Project) 



1- 



Human chromosomes/DNA*-^Genetic diseases 

rJlVts 0 ' ^l* P3irS) < Hurr,£n Genome Project) 

(50.000 - 100.000 cenes) ' ' 



cDNAs - 



-mRNAa 




Link with other databases 

(prcieins. nucleic acids. 
oer.c.T.e mapping, etc.) 



-Proteins 



(About 5.000 in a 
given cell type) 



-cDNAs 



Oligodeoxyribcnucleotides- 



Qualitative and 

quantitative 

comprehensive 
2D gel databases 

i 

Link with other human 
2D gel protein databases 



Interface 
between protein 
and DNA 
information 



-Partial protein 
sequences 
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Partial protein 
sequences of unknown 
human proteins 
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(1) the adoption of Wcompethive' assays designs- 
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,3) £ v 9 ^ between the products «*SXL*»* ^ 

fh^^^^ °< Vie-ding higher specific activities 
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reaction products o^ZZ^^t'SS^^ XT** 

hence enhanced assay sensitivities 9 9 effect,ve s P«««c activities and 

i nXo^ - -t necessarily confined to them, ,i„ 
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generation of 'ambient anatoe^^ 
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INTRODUCTION 

« radioisotopic 
other KofajBoJ iSK t C .ds T^f S " d 
veterinary science', the food l^T^JTl 
industries, etc.) during the pas t f " f 
™e,r importance has derived frorn ^ 
tion both of the 'structural spec Sv vL P, °' - a " 
jng antibody-antigen reactions and\h1 
b.l.ty of isotopically-labelled reagen .h, T**' 
permm.ng observation of the b?n2 5 
between exceedinoiv c m „n D,na, ng reactions 

key reaaa^n^fnvofved ^l!e comb"' 72110 " 5 ° f the 
Matures has endo^d ZfoTr? ° f theSe 
methods with unique specific,^ ' 0 !™ unoassa y 
characteristics, and I accoEm foMheif .W^' 
use throughout modern m^Tc ne Tnd ^o.? 115 
However, in the past few yea « ^"1 
increasingly focused on so-X' ^ 

anaM?ca Jpri a „Ve S b ut SSiJST^ J demica, 
«o label the particular i™^™?™"** 
or a„ aJ y,e) whose distribution bet^in bo, i 
and free moieties (following the barir ! Und 
reacnon) constitutes the afsay wL* "■ ly S?' 
reasons for this inters J. L re sponse'. The 
four headings: may be * rou P e d under 
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fundamental reason for their r*ni a ,.. 
paradoxically, f rom the mEJ? ****** stems - 
develop microanaM £] S? - rc ^ u,rein cnt to 
superior to them in th f n,q " W , which 
Radioisotopic Sods a J ;n Pan,C ? ,,ar 

the measurement of anX; Pr3Ct,Ce * ,im, ' ,ed t0 
about 10«- 10 ™ mo S above 

f™l/l)(DakubTe fl ?^^^ 
fields (e.g. viroloev um^\ e - Ver ' ,n cenai " 
Particular need io' d Ta Z " tCUOT)) ,here is a 
concentrations below hSl™^™ 
determine immunoassTv ! • 6 fact ° rs whid > 
extensively discussed (Z ■ Sens,t,v,t y have been 
Ekins ,978*52; ^ 
1984; Ekins, 1985). Nevenh.u ' k ' Ubu W a/ - 
underlying concept are stfll f S ° me of the 

stood and merit P bnef dis c ,1 £,Uem,y mis "nder- 
context. f dlscu "'on , n the present 



The concept of sensitivity 



(2) The attainme^^ 
( } ^muX e i 0 o P be n s- m ° f /sors' and 

(4) s^ems eVe, ° Pmem ° f '-"«ti-ana,yte» assay 

teli^s ^^Sr?' --topic 
<«). and this pre'senS n^ ^ 3 " d 

the concepts which underlie our hE^ nan,y ° n 
development strategy in these a °°; s ,n,niuno assay 

Of 

as constituted one of the prS a . fL^ 1 -° ds 
f thetr widespread use oJthc ^TytTl 



fc'^^.'S c C 0 ° n nfUSi ° n f haS bee " 
't>" itself, manv amhorf tauaZ'T ° f ' Sensh,V 
»'"h the slope of the dose S SSay sensiliv ity 
and Berson; 197(fe £ n~ S ^" S ? CUrve ( Ya, °w 
see also Ek in i a al h»(E and n Y alow, ]9 73; 
widely aereed ha,' hi ' 1970) - h is "ow 
dose^espon'e cune i n . n ° t,0n ,hat a s,e eper 
erroneous^ fnYlnv S^T* * 

revealed by the fact thai ,£ I,ef ,s c,ear, y 

of the responses voided S e f re,at,ve ™gnitudes 
dependent on Ihe „ rt iJS. ° ^ SyStems is 
chosen IO rep esem he ' Va " ab,e which « 
Ka))(Ekins, 19^6) X bUSST ^ R * 
has long been recognSed I tha^he ^ r£aS ° nS ' il 
an assay can onlv bf sat j.factoV Iv Sens,t,vit y' of 
«■ 'ower limit of detSSc MF? ZT 6 ."? 1 ^ 
concept , s now embodied i a || n,. " d lhlS 
agreed definitions of , he term ; n l erna,,ona »y 
•dentical definition is as ThT n essent ' a »y 
standard deviation^/ Precision (i. e 

jnce this d q e ua a n«rt y^^*^* 
distinguishable from zero V ,eaSt ^ uamit y 
detection limit. The se ns hivkv of ' he assa y 
represented by the Z Z dZ ° fanassa y " thus 
'precision profile' (Fi? ^?? 6 J" terce P ! of ^ 
expressed in le^i^'JL^". 1 ^ ,a »er is 
than of coefficient of vBri.?^ ?P^ l,on rather 
shon. the more ^TZc^s !s SeV" 
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F/B plot 



B/F plot 




Any plot 



R 3 ; 




a. 



b. 



Figure 1. (a) Diagrammatic representation of convention-l RIA noc* 

antibody concentrations plotted in terms of free-bound (F/B) and bVunS (B/F) 2' ^ S,6m f USi " 9 high (ni > an °" ^ «0) 
amount of antibody y,elds a dose-response curve of oreate^S 5! p% 'f^'f , TP*"' No,e lhat ,he use of • 
.mposs.ble to dec.de. on the basis of the data shown in th! "wi^^^ f°V bu ' of ,ovver s' 0 ^ « *e B/F plot It is 
hrgher sensitivity, (b) The sensitivity of an essay I e . £nfel J reieMnSd^T^ ° f amibody yields ,ne assa V system 5 
dose measurement <SD (00 ,.,> at zero dose. TrJi fclven J IhV^ oV11^^TSr? ,,,n "n*" 31 " 6 d ° Se - ie - ,ne S ° of trS 

plot the dose-response curve. (Note: it is common to multiolv (SD u ? S " ected ^ tne <- ho ^ °* the coordinate frame used to 
attaching to the minimum detectable dose estimate. thouoE s nee n£^£^'™ W * inCTease ,he c °" fi <*nce level 
unnecessary step merely adds to confusion when ,he relative ^nSSieTS^ »«. '^'J ^ Va ' UC °' this ,a « or - this 

- a vmca or iwo assay procedures are compared.) 



'Competitive' and 'non-competitive' ('limited 
reagent and excess reagent') assays 

A second important misconception in this area is 
the notion that immunoassays relying on the use 
of labelled antibodies (e.g. immunoradiometric 
assays, IRMA) are ipso facto more sensitive than 



those which rely on the use of labelled 'analyte' 
(e.g. rad.o.mmunoassays, RIA); furthermore the 
grounds originally advanced for the claimed 
superiority of labelled antibody methods (Miles 
and Hales, 1968) were partially based on false 
concepts of sensitivity, and thus failed to identify 
the true reasons why certain assay designs are 





(b) 

m^repr^ "ft*- -nt as a function of dose. The error 

err r in the measurement of zero dose represents The tensh^Tv 7a,JzL ■ r? laWe error {tDlD - e -°- °< «■ (Ado. the 
of dose values within which AO/D is T"" 9 "ff ^ * defined as *t5n5 

assays (assay I) intercepts the AO axis at a lowe" val" How vl L/^n™ ves, ' 9ator (b ». The ™* sensitive of the two 
wid r working range. e ' M0W ver - assay 11 ,s mor e P^ose at higher values of dose, and has a 
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SJ ,e . n hi a „" y T b,e ^' e,din « higher sensitiv- 

SLS i0n o,hers - 77115 ,ssue ,ike -« 

• The purely pragmatic sub-classification of 
immunoassays into labelled antibody and labelled 
ana^te methods diverts attention from mo 
ftindamema divide in immunoassay methodoto? 

S;-^* -V? !he 0ptima, """^ration of 
antibody required m an assay system to maximize 
ns sensnmty In certain assay designs (which may 
be termed 'limned reagent' or 'competitive') the 
opnmal concentration tends to zero; conversely in 
others (which may be termed 'excels reagent or 
non-competitive') the concentration tends Z 
infinity It should be particularly emphasized tha? 
the optimal antibody concentration is e sent aUv 
governed not only by the physicochemicafcS 
tenstics of the antibody-analyte binding reaction 
but also by the errors incurred in measmemen of 
the assay response. Were an assay system to be 
totally error-free, no antibody concemrlnnn 
v^uld be optimal, and the dJwSJhSS 

3rsV 0 nr- co ~ 

chemical theory underlying**? fund^en 
divergence in immunoassay design (see Ekinc 
? /., 1968, J970a; Jackson elal., \f 83 f Sj f*™ ' 
for n can perhaps be more readily underltoodTf 
he basic pnncples of immunoassay are ponrayed 
n a somewhat different way from that 

ss e e y nt! a r L U H a,,y J ,reSented - AH '"""unoassays 
Pe " d U P°u meas «tement of the 

zero and may be termed 'compeS conv erSe ° 
ly those in which occupied sites a » T™f* 
measured necessitate use of high *r%Lt Uy 
centrations and are termed w , y COn " 
(Fig. 3(b)). 77m cmph s zes thau^e dXl ,t,Ve ' 
m assay design characterizing so °^ 
tive and non-competitive mefho^s e£X" 
unrelated to which component i ^ ffi 
reaction system is labelled. Indeed \ L™,L J 6 
n which no label of any HndTZZZ™™^ 
dentical grounds, be subdivided into those of 
l«m,ted reagent' (or 'competitive') and 'excess 
eagenf (or 'non-competititve') des gS Th* the 
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distinction between these two forms «f • 

Mtaturtmcnt of eecupicd »ft«, 



< 
< 

k 

fmo-th, UbtUK tntibooy tlu, 



/ occupies sues 

...♦>-:. t 

*^ Seperete 

y 
y 



NON-COMPETITIVE IMMUNOASSAV 

A6-*. . 

MM.ur.mtci of onoeeupi.d .it.. 

H# He 

<♦ <♦ 
<♦ <♦ 

«J- 

ko k«- 



*ot manmai sensitivity 



♦X 

^\ ^ Sepsrste 



S '^-"" *«t*'*d *mioo©> „ Mr 



COMPETITIVE IMMUNOASSAY" 

Labelled antigen 
labelled »ni,.,o.oty D ,c antibody 



0 tor ma i, ma i sensitivity 

Labelled antibody 
♦ Anelyte 



antibody binding-s.te occuoanS k I W> feflec,s how 
antibody methods are non^rf™, , m f asured - Labelled 
the (lab II d) SIX are TeTs P ure5 Ve h ' ° CCUpi d sites <* 
<° 'ow n 9h „ when JoS^Er.^! ' 
ant-gen (below left) 0f labelled a „, J "^Labelled 
methods (below centre) relv in * n,, -' d,0 'VP'e antibody 

unoccupied by analyse 8 S a?e t^reW™"' °' Si,eS 
competitive' d sign. re,ore '"variably, f 
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'Competitive* immunoassay 'Non-competitive* immunoassay 



10 



I 8 



6« 



4 



c 

5 2\ 




label 



I label IRMA 



10 



12 14 

'og K Ab 




Figure 4. Curves showing the theoretically predicted relationship between antibodv -ffinit, - - .k 

using 'competitive' and 'non-competitive' essay sirateoie< The ■ D otmK«n«wSr I V and 1 6 sens,l,vl,,es achievable 
activity labels; the sensitivities achievable usinc '"Kbefed \^^^} ^^^^^^^»^^r^wtmd^ 
^2^2* » — in -asurement'of x^l^Z^-^^J^.^ *• 



activity I 

sensitivity less due to Vrrors"^"mee<=ure"ment' ! 0 f ih^-hl? r""^" °\ am,D00 V are also shown. Shaded areas indicate the 
measurement of the response vaS'bte Swng rim 'extr^r' G )° corripM ^ays assume a 1% error in 
measurement perse). Non-competitive curves assume ■SS D Kffi?Lnd^rfta;TH rS ^ tha " th ° Se inherem in ,abel 
upper curves, respective,, Arrows indicate sensitivt.es SSS^^-^ 



Conversely, when occupied sites are measured 
directly, this particular constraint does not arise; 
indeed, considerable advantage often derives 
from using relatively large amounts of antibody in 
the system. 



Sensitivity of 'competitive' and 
'n n-competitive' immunoassays 

Competitive and non-competitive immunoassays 
differ significantly in many of their performance 
characteristics in consequence of the differences 
in optimal antibody concentration on which they 
rely. Most particularly they differ in their 
potential sensitivities. Figure 4. portrays the 
sensitivities predicted theoretically as a function 
of antibody binding affinity, making realistic 
assumptions regarding the experimental errors 
incurred in reagent manipulation, 'non-specific' 
binding of labelled antibody, etc., and assuming 
the use of optimal reagent concentrations (Ekins, 
1985). Amongst other concepts illustrated in the' 
figure is the much greater assay sensitivity 
potentially attainable (using an antibody of given 
affinity) by adoption of a non-competitive 
approach. In short, whereas the maximal sensitiv- 



ity realistically achievable using a competitive 
design is in the order of 10 7 molecules/ml (using 
antibody of the highest affinity found in practice), 
a non-competitive method is capable of yielding 
sensitivities some orders of magnitude greater 
than this. However, Fig. 4 also demonstrates that 
assuming the use of high affinity antibodies (i.e.* 
~10 -10 1/m), maximal sensitivities yielded by 
isotopically based techniques (whether relying on 
labelled antibody (IRMA) or labelled analyte 
(R1A), or whether of competitive or non- 
competitive design) are closely comparable, i.e. 
of the order of 10 7 -10 8 molecules/ml. 

This limitation is a manifestation of the fact 
that , in the case of the non-competitive methods, 
an important constraint on assay sensitivity is 
(under certain circumstances) the 'specific activ- 
ity' of the label used. On the other hand, 
limitation of assay sensitivity due to the low 
specific activity of radioisotopic labels does not 
often arise, in practice, in the case of competitive 
assays, whose sensitivity is generally restricted by 
other factors (Ekins, 1985). The fundamental 
significance of this conclusion is that, only by the 
use of labels possessing specific activities higher 
than those of the commonly used radioisotopes in 
assays of non-competitive design, can current 
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• sensnmty l, mits be breached. Conversely use of 
a higher specific activity label in a 
assay will usua „ v have n J !"» »• compemtye 

red m reagent manipulation of the m o„, i 
generally ehcounterec I in practice) mcgn,lude 

Hi9h specific activity non-isotopic labels 

the tenn ,s mdened to signify 'deteaabie evet,,' 
per will tune per unit weigh, of iabeUe Imaterii 
Thus ,t can be used lo indicale the ra e 0 ?nL™„ ' 

-em of lhe label^ijls ^Z^Taort 
limiting assay sensitivity. and mav--2S.f i 
sensitivity-constraining factors a^T 1? °' her 
become dominant. Furthermore when extenH 
the sensitivities of immunoassay J*?' hZ '"I 
heir present limits, the number? of !i nd 
involved are low, and statistical itnoriZ^' 
counting individual 'detectable evei s' aTd ^" 

P^iS^^^ of 
of relevance in the comevt Wt i- , A " are 
chemiluminescenl .iT fl „^? ^ si " ce 
used to label antibodie sfa?fmi£5 V"" , be 
alternatively, enzvme label? «,-i 8 ^ d,rect, >'J 
yielding chentfl^^ 
products can be utilized * ' nuoresce "» 
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Table i. Relatlv 



the specific activity oi <K£bt\ZL te that - th °«»" 
not. in practice. »Kt nlT t S^ , «» d — 
competitive assays (see Fio iT 1 ! 8enSrtlyltv ^ 
activity of 'H may seZehriL w 
of competitive 8ssavs7/„ the Se »witivity 

which rely on tn e Te oft* ^ horm ™<*) 
tope OI th,s Particular radioiso- 

Specific Activities 



Enzymes: 



Chemiluminescent 
labels 

Fluorescent labels: 



labelled molecules 

lab2!!w Ct8ble ev6 "^.6xio« 
labelled molecules 
De, er m ine d 5yenryme<8 

Z J tt ° T and d ^«ab,%y " 
reaction product 

Rotable event/.abel.ed mole- 
mo2 cu r e eteCtab,e e ^abe.,ed 



The importance of background in 
non-competitive immunoassays 

t Se o? n ni mP0rtant faCt ° r * ove ™g the sensitiv- 
ty of non-competmve labelled-antibodv im 
Tiunoassays is the 'background' or 'btonkVsioSi 
anmed , n the absence of analvte, sfnee errof i ' 
he measurement of this signal' is dearlv 
'eterminant of the error in measuremenVo^ro 



dose. Amongst contributors tn th. k i 
signal are the 'noise' of the measurino kgr ° Und 

tion sourceO anH a> ther extra neous radia- 

absolutely „„ benefit i™^ cont, 8 ' 0 """ " ° f 

is dependent. imeraUa^lh ' S contr,bu iion 
antibody US ed in^he ^ "Vnd r^* 11 " 1 
'ts exposure ,o analv e Th« n ,,0n ° f 
amount of labelled an ibody^ea e th?" 8 ^ 
of such antibody bound to analvt "k ° Um 
mav also increase th. anal >'te; however, it 

moietv «o a greafe, D OD on° n "T ClfiCa,ly bound 
cause 'a ne, Vedic tion i > ■ e - X,CM ' and lhus 
underlies the lot ii ^ . sens,,,v,t y- This effect 
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emphasized that maximization of the $ensitivi, v of 
a non-competitive immunoassay ceneraHv imnH? 
the selection of reagent «on«^S!?5dS2 
expenmemal conditions such that the fana£ e 
signal/background] ratio (i.e. sfb) is nJffiS 
However, this simple relationship dis S 
statical considerations which arise when the 
numbers of detectable events are very low and a 
more appropriate objective mav, under' these 
circumstances be maximization of the ratio 31 
(Loevinger and Berman, 1951). 



10 io" 10 - 

Labelled Antibody Concentration 

(melts/liter) 

Figure 5. Assay sensitivity (represented by the standa-d 
dev,a„on of the zero dose meesurement. o 0 ). pfotte? Ts a 
W?5tf '^ concentration of labeled antibody Z aff^ty 
10 UM used .n the essay, essumino different te^li 3 
n n-spec.f.c b.nd.ng of labelled antibody. (Note- an rred!rih2 
instrument background has been |<Z» T „ tha I 6 



lowe r concen rat.on ,s required to yield the same 

innL r na ^ b,ndi "S' a,beit «*h reduced 
non-speafic binding, thus increasing assay sen" 

ln summary, the high sensitivity of non- 
competitive labelled antibody methods derives 
essenually from their permitted use of optima 
concentrations of antibody which (provided non- 
specific bmding of labelled antibody is low) 
are generally considerably greater than in com- 
petmve methods, not from the fact that the 
antibody ,s labelled. Labelled antibody methods 
generally / fl // in sensitivity as the concentration of 
antibody ,s reduced towards zero, ultimately 
yielding a sensitivity theoretically identical to that 
yJrSTT • m ?, thods ( R °dbard and Weiss, 
ffi ^ early exponents of labelled 
antibody methods, whilst claiming them to be of 
higher sensitivity, also concluded that their 
sensitivity was increased by reduction in the 

7°wu ™- " - d amib0d y used (Godhead ei 
flj., 1971). This incorrect conclusion— based on 
observation of effects on the slope of xht 
dose-response curve-exemplifies the many falla- 
cies encountered in the immunoassay field stem- 
ming from confusion regarding the concept of 
sensitivity discussed above.) Finally it should be 



?™ P*? orm "»ce characteristics of 
competitive and non-competitive 
immunoassays 

Non-competitive designs also display a number of 

amihoH amageS derivin * from ,he Relatively high 
antibody concentrations on which they general 

h" 1 " 6 r' Ude inCreased taction 
(and hence shorter incubation times), decreased 
vulnerab,., t y to certain environmental nSSS 
(which cause variations in binding affinity be- 
tween anybody and analyte), reduced sens tivi^. 
dependence on h.gh antibody binding affinity, 

Nevertheless a price has to be paid for these 
benefits; th.s mcludes the greater tendency of a 
large amount of antibody to bind molecules 
differing from, but with structural resemblance 
to, the analyte itself, implying a loss of assay 
W,ary. Th.s effect generally necessitates the 
use, whenever possible, of an 'immunoextraction' 
procedure us.ng a second -capture' antibody 
(usually directed against a different binding VhV 
or epuope') as shown in Fig. 3(b) This 
«echn, que -the 'sandwich' or 'two-si te' im- 
munoassay (Wide, 1971)-,huS potentially com- 

specificity (together with short reaction time) 
features of cruc.al importance in many diagnostic 
snuanons (for example, in the detection ofAHXS 
vual antigens). (Note, however, that the loss of 
spec.fic.ty inherent in non-competitive assay 
designs .mpl.es that they are less readily applic- 
able to the measurement of analytes of small 
molecular s.ze, which cannot be simultaneously 
bound by two different antibodies direaed 
against different antigenic sites on the molecule. 
Such analytes are generally more appropriately 
measured using 'competitive' assay ntethods ) 
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Development of ultra-sensitive 
immunoassay methodol gi s 

The perception that the development of 'ultra- 
sensitive' immunoassay systems (i.e. swans 

ty) depends on (a) reliance on 'excess reagent' or 
noncompetitive' assay designs; (b) the*use o 
non-isotopic labels displaying higher specific 
activmes than commonly usedrcd4otop£ S 
the development of efficient separation sUem 
(ensuring minimization of non-specific amiboSv 
binding and hence of signal 'backgrounds'), and 
(d) dual or multi-antibody analyte-recoenition 
systems (exemplified by 'sandwich' or two-she 
2! » m «|n«fin'S;c«»se assay specifidtv, has 
formed the basis of our own laboratory's im- 
munoassay development since the earlv L mS 
1970s (Ekins, 19l{). This led us Le/^to 'at 
immediate recognition (Ekins, 1979, 1980) of the 
importance of the in vitro techniques of mono- 
clonal antibody production pioneered bv Kohler 
and Milsiein (1975), which are currently 
subject of bitter patent disputes in the 'lis I 

££V% 6 - 1987a ' b) - a " d ~. £ 

expected in Europe. 

Meanwhile of the candidate labels for use in 

2™ < SS?^ Wh chemi,umin «cent and fluores" 
cent labels offer many attractions. The develoo- 
mem of stable, highly chemiluminescen Itrfdl 
mom esters by McCapra and his colleagues 
(McCapra et ai, 1911) has subsequently b een 
exploited by Weeks et at (1983, 1984) and more 

ers Ce o h y ; r by T era !, COmmercia, kit ^nufaTtu ! 
ers, o her workers have used more conventional 

atav' C T P ° UndS 10 ,abel im ^"o 

?S y iSf p ( * {0T , examp,e ' Kohen « «/■. 

1984 ] 985; Barnard eraL, 1985). Yet others have 
relied on enzyme labels to catalvse cheSlum? 

np, J u// ' 9 * 0) reacl,ons as indicated above 
Detailed description of these various methodX 
pes is presented by others in this volume and 
need not be duplicated here. 
Common to all the 'ultra-sensiiiv*' 

S m t od0 H ,ogie V c,yi ^ S*»S 

!?f?' s the ' r K d ependence on a non-compe.it ve 
labelled antibody, assay strategy wheneve 

IZTrT' h0 - CVer - f< ? th£ reas ° ns '"dicated 
ibove competitive methods continue to be 
■■enerally employed for the measurement of 
nalytes of small molecular size (e.g. thera P eut£ 
Irugs, steroid and thyroid hormones, etc.) 
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of relying on standard h^mT^dur^T 1 

tSo^r 6 " in these 

iorn^ q . ar , e - ,nC I eas,n ? J - v Preferred. Thoughthe 
commercial kits based on these various label! 
differ to a minor extent in sensitivity, specificity 

convenience, etc such Hiff» M j^uraiy, 

u"c^„« ; d an 4' h ° S e p a S no,0iical- fac '° re 

label per j, . Pamcular nature of the 

H.S^^XSTi.T"' 0 - °' chemi - 

'ext, the use of HuTe'cent " "? mu "°" S ay con- 
Possibilities for a nuX, oT"'" 8 '° ng -i erm 

generallv 'known ? s ,h. , sub «ances 
(MjKHi,. i^pani^ia^thl 3 ^ 

£.^ss?- ( ?» T'T ed »««««« 

*V!SrS ■ rr'rr m i rela,ive,y 

(Marshall „ , 981 : H.»,,M i' 

and a fluorescent decay time and . ^ 
spectrum which imnlv ,L, . • , emiss '°n 
distinguished frl foreseen, substan" 5 ^ 



CHEMILUMINESCENT AND FLUORESCENT MARKERS 



measured in the presence of a fluorescence 
background (deriving from extraneous source*) 
which, in practice, approaches zero. Fig 6 
illustrates the basic concepts involved in puked- 
light, time-resolved, fluorescence measurement 
which form the basis of the DELF1A immunoas- 
say system currently marketed by LKEAVallac. 

Though it is inappropriate to pursue this 
subject in greater detail, attention should also be 
drawn to the possibilities offered by phase- 
resolved fluorimetry. This permits separate iden- 
tification of fluorophores differing in fluorescence 
lifetime by their exposure to a sinusoidally 
modulated exciting light source, and observation 
of their demodulated, phase-shifted, light emis- 
sion (McGown and Bright, 1984). This technique 
offers the possibility both of the development' of 
homogeneous assays (relying on a difference in 
fluorescence decay time of bound and free forms 
of the fluorescent-labelled molecule), and of 
discriminating between two labelled antibodies in 
the context of multi-analyie 'ratiometric' im- 
munoassay as discussed below. 

'AM E IE NT ANALYTE' IMMUNOASSAY 

Before proceeding to a discussion of the develop- 
ment of multi-analyte assays, another important 
concept termed 'ambient analyte immunoassay' 
(Ekins, 1983b), must first be examined. This 
term is intended to describe a type of immuno- 
assay system which, unlike unconventional 
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methods, measures the analyte concentration in 
the medium to which an antibody is exposed 
being essentially independent both of sYmple 
volume, and of the amount of antibody preset 
This concept is illustrated in Fig. 7, and relies on 
the physicochemically-based proposition "a" 

JnZr^it ? hmgly Sma11 ' amoui " of antibody' 
(preferably, but not essentially, coupled to a solid 

support) is exposed to an analyte-contai^ng 
^ k ?' ; he / esuhi ng (fractional)'occupancy of 
cnt.body binding sites solely reflects the ambient 

C0 ? cent 1 ra,,0n - Clearly the binding by 
antibody of analyte results in a depletion of the 
amount of analyte in the surrounding medium 
but prov.ded the proportion so bound is sS 
(i.e. less than, for example, 1% of the total), such 
disturbance can be ignored. (This effect is closely 
analogous to that caused by the introduction of a 
thermometer into a medium possessing a much 
larger thermal capacity; the temperature disturb- 
once caused by the thermometer itself is negligi- 
fiiried ) ' m th£Se circumstanc «. be disrV 
The principles of ambienjt analyte assay derive 
from the recognition that all immunoassays 
essennally depend upon measurement of the 
fracnonal occupancy' by analyte of antibody 
bmding sites following reaction of analvte with 
antibody as d 1S cussed above (Figs 3. (a) a'nd fb)) 
The fracnonal occupancy of ('monospecific' or 
monoclonal) antibody binding sites in the 
presence of varying analyte concentrations, plot- 



Background 
>>> / f/i/orescenc* 




Figure 6. Basic principles of pulse-lioht. time resolved 
fluorescence. Fluorescenc emitted by the fluorophor (typi- 
calry a europium chelate) is distinguished from background 
fluorescence, which decays more rapidly. 
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rAii. tL ♦ C Pnn , c,ple 01 ambient ana, * e ' immunoassay 
<AAI). The fractional occupancy {F) of a vanishing* ^maH 
amount of ant.body (of affinity K) is determined by SPaSn 
concentration in th medium (|An|). ""vneanaryt 



68 



in'Vff , o nS U n,i f bod y concentraiion, is portrayed 
in Fig 8 The fraction of analyte bound ic 2 'k Q 

? fi£UrC - (N0Ie - for saice o°f 
generality alJ concent rations in this figure are 

SK?,?"" »' here thf /ffin J 

constant of the antibody. For example, if K = 
JU LJM, a concentration of 0.1 x l//f represent* 
0.1 x HT" M/L, or 0.1 x 10-" x O'S y 
10 23 = 6.02 x 10 8 moJecuJes/ml.) ° 2 X 

It should be particularly noted that, at antibody 
concentrations of less than ca 0.01 x 1/tf antibody 
fcacionai occupancy is essentially dependent 
solely on the analyte concentration in h 
medium, and is independent of variations in 
uubody concentration. Thi: reflects the f£wh t 
this concentration of antibody binds less than 
approximately 1% of the analyse in the medium 
irrespective of its concentration. This implies for 
example, that the introduction of lo/loTor ] 000 
antibody molecules into a medium containing 
b.ll.ons of analjte molecules will result L " J 
case, » vinually identical frac ionai amih^ 
binding-site occupancy, the udd !i. 

bv^he 

antibody affinity constant. (An antibody concen- 
tration of 0.01 x is a hundred-fold'less than 
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that (1 x UK) necessary to bind 50% of , . 
amount of analvte (see FIp ,race 

majority of kit ma'nufa C ^ ,Ch '- TC ^b\y, a 
The k m ^^^^ ^ accept.) 
"ally exploited in he nltP ^°^ Cept was ori Si- 
what has come to be kno^ 1 deve,0 P^nt of 
hormone immunoassay & 35 free 
is clear that it i* ™^^?".* 1 ''- ^ bm " 
panicular, be uSi d i Hi 00i1, a " d Can ' 
mmunosemors -«i ; e instruction of 

exampir^Tp^obe Torth°e Pr0beS - ° ne Such 
salivary steroids tharVr?, , T easurement <* 

in ourlabora ton Comn'* bei " g deve,0 P ed 
coated plastic -dipsn-yr' ^ * 5 ,al1 an,ibod y- 
shape to' a dinfiT ttZZT V" * ^ a " d 
intended to permit the m.JT ' lh,S dev,ce is 
steroid levels Jhh OU fren Ureniem ° f sa,ivar > 
saliva. However th ' qU,nng the co,,ecti °n of 
approach * U " derlies 0U ' 

under developmenUrouHabrtorV 0355 ^' 3,50 




Antibody concentration " 
?ure 8. Fractional antibody bindino-* t 
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MULTI-ArVALYTE 'RATIOMETRIC 
IMMUNOASSAY SYSTEMS 

The concepts relating to ambient analvte im- 
munoassay and assay sensitivity outlined above 
are both exploited in our present development of 

tecnnnto™ aCCe K,' n, " ,l, '- anaI >^, immJnoas ay 
echnology capable of measuring, in the <ame 
small sample, virtually any number of individual 
analytes from selected analvte 'menus' e o a 
hormone menu, viral antigen menu, an a lereen 
menu etc.). Many examples of a need to measure 
a multiplicity of different analvtes in the "am! 
sample exist in medical diagnosis, for example in 
the routine diagnosis of thyroid disease u he " 
.s frequently necessary to measure a number o 
different hormones and thyroid-related proteins 
At present clinicians frequently experience diffi- 
culty ,n deciding on the best sequence of te<t to 
arrive at a correct diagnosis" Such prcb ems 
would be overcome were all relevant analvtes 
measurable at a cost comparable to the cost of 
measurement of a single substance. Our own 
immediate objective is the development of a 
technology permitting the measurement of com- 

s P amL /T 0ne Pr °? eS ' USin ^ a ™& small blood 
Si Howev , er ' lhe n «d for 'muJti.analvte' or 
random access' measurement is not confined To 
medical diagnosis: it also arises, for example n 
he pharmaceutical industry (where there ex lis a 
requirement to ensure the purity of protein dr UCS 

tL m ?no? Cd , by rCCOmbina "< Dn'a te P chn ques "fn 
the food industry and elsewhere. Though sti at 

o?rhU L StagC ' ° Ur 3 e pr0ach ,0 the achievemen 
of this objective can be briefly indicated. 

Multi-analyte essay: general principles 

As discussed above, the notion of ambient 
analyte assay simultaneously introducer wo 
extremely important and novel concepts: (a) that 
ulTT' ° f ana ,' yte Concentr «'on can be based 
Klin.. TJ? a " infini,esi ™l amount of 
denv P J f? ' ^ dy ' 3nd (b) that such an "timate 
£S£v 2 d,recl u measuremenl of fractional 
antibody occupancy by analyte, irrespective of 
the exact amount of antibody used. It should be 
emphasized that the latter propos t to is valid 
only , n the context of ambient analyte assay and 

vstenTr ,n K Ur , re , m con ^ntional immunoassay 
21 h ( k" u hKh fractJo "a' antibody occupancy 
depends both upon the amount of antibody fn ?he 
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anaJc^nlrat ton -^SFZi^^ 

uWd ^£%&Z%& ca S sfo S f 

unoccupied binding ^st^^ 
mirror-image anti-idiotypic antibody' the u « f 
such an antibody instead of labeled antieen is 
convenient but not essential, and is «S2Se3 
here merely ,o simplify illustration of the "52 
concepts involved.) Das,c 
Subsequently, an estimate of bindino- si , e OC cu 

Cdl;!' 53 ^' (S0 " d Phasefamibo?; 
Jocated m the microspot mav be derived tZ 
measurement of the ratio of signals emfned bv t£ 

abeilin? h " be ,. conv ™ently achieved £ 
labelhng the 'sampling' and 'developing' any- 
bodies with different labels, for example a pair of 
radioactive, enzyme or chemilumin?scent P rn a ? 
Ke s. Fluorescent labels are nevertheless nan?™ 
'arly useful in this context because bv L 
optical scanning techniques, the^r^i, arra * 2 
different antibody Tnicrospots' distribu ed ov « a 
surface, each directed against a different anafcte 
to be ind.v,dually examined, thus enab^ 
multiple assays to be simultaneously carded ouf 
on the same small sample Fie 9 ill u «ra,« .i. 
basic ideas, and Fig. ] J such In a 'Jay. 



Microspot immunoassay sensitivitv- 
theoretical considerations V " 

s>ght , 0 appear surprising, and may indeed 
provoke scepticism regarding the aSa^sensluvt 
nes potentially attainable using th^JSSrt 
Clearly a number of factors, such as the seSify 
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support, etc., are likely to pJ a V 1 n S °' ,d 
dcienrnning final assay sJnsiSvfty Vchfat 
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"re 10 Multi-analyte' antibody array e- h . 
rrospot represents a Vanish.ngiy sma«' L am,body 
body greeted against an individual ana ™ of 



the following dSS,^„ Ca, ? 1, ? l,ons - To clarify 

'sensing' antiLdy ca n ^'un W t^f* lhat 
'ently coated on a sniw Un,form, >' a "d consis- 

density, implvh. th« oS a,nX K 31 3 S,andard 
antibodv need be labenln *. lhe 'doping* 
«o ascenain fracHoni ^ measured in °«ter 
antibody binding slles ° CCUpanCy ° f sensi "8 

. F, g- Jl illustrates the ^nrf a ^ 
microspot, of surface arLTu'V a " ant body 
lv) coated with antibod! nf fr ' and ( un,f °'nv 
monomolecular tev« ^ h ff ' m,y * (L/M > in a 
Le, us a«umi iauhe ^ D ^cu^si 
analy,e-c 0ma inj n o m ed ,um of P ,' S eXp ° Sed to an 
containing an snzhZcn™ V °' Ume * ml >< a "d 
-I- The lle^^ S^^^les/ 

their reactions and 1!?^ " ot Irn P ede <l «n 
the coating processO durin 8 
Meanwhile, fractional occupancv (F\ n < . .■ 
body btnding sites by analyte 
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Surface area *^ 



-Antibody density 

_D ipqlecules' sq. um. 

: Antibody" affinity 
'*** KUM - 



Avogadro's number: 

N molecules/M 



Figure 11. Microspot ambient-analyte immunos^av, Th* m - 

M.n.mum test sample volume (M/S): A x D uTiffi 9 ad0p, '° n of ,he ™iomeuic approac^showrT 



given by the equation: 

F 2 - F\Uq + pl q + j) +p/q = Q (]) 

where /> = analyte concentration, q = antibody 
concentrate (both expressed in units of UK) 

-> OfTe J<7toX bin(i y,$ She eventrations 
, V q < ° °V>r~P<0 + p); (see Fig. 8). 
LAew,^ the fracnon of anaJvte bound bv 

anybody (f) a, equilibrium is given by the equation 

f 2 -Mp + q/p+l) + q /p = 0 (2) 

Thus, for anaJyte concentration -» 0 (i e d < 

wuen q < 0.01, and when p ^ 0, / < 0 01 

Expressed in units of UK; the concentration («?) 
m the assay of 'sensing' antibody situated on the 
microspot .s g,ven by DAK/(v x 6 x 10 2 *) f "ince 
Avogadro s constant, expressed as the number of 
moJecules/rnmo], is 6 x 10^ (approximately)) 
wfc fr !S°K I 3 " ! na,yte c °n«ntration Zo 

2Jw7?6 x^ n l Sp0t is lherefore 

*M/C/(v x 6 x JO 20 + DAK), implying that the 

number of analyte molecules bound to the spo is 
given by vCDAK/(v x6x]0»+ P ° l ,S 

Case 1: sandwich (two-site) assay. Following 
incubation of sample with antibody, we assume 
the sample is removed, and the microspot then 
exposed to a volume V(ml) of a solutEn of a 
second Jabelled, 'developing'' antibody of affinity 
a (UM) at a concentration given by 6 
(expressed in units of UK*). y u 



The fraction of analyte bound by labelled 

^ ! - + e//> + 1, + e// , = 0 (3) 

^xTx i ^^' /I(vx6x ^ :f 

Assuming /> < 0.01, r = 0/(1 + g). (For 
example, if Q = lt the fraction of J* 

molecules bound by labelled antibody « 05 
approx.mately) Thus, since the number of 
/->/-> i^ 0 ? 0 u bound 10 the spot is given bv 

£51 K,(V ■* V 1020 + the number of 

analyte molecules labelled by the second, de- 
veloping, antibody is given by vCDAKQMv x 6 
* 10 2 ° + + (2)], and'the surface density 

Tva } i ^ Moreover > assuming that 

fJlEj? v * 6 x 10 * 0-e. that the amount of 
antibody in the system is such that 'ambient assay' 
conditions prevail, then the surface density (£>•) 

v f?ow? ,ng '^V body molec "les = CDKQI\d 
. 2 u a PP r °ximately. It should be 

noted that D« ,s independent of both v and V 

also that the ratio DVD = Cx K0/[ (6 x 10»)(] 

+ U )\ = C x constant. 

If the minimum detectable surface density of 
developmg-antibody molecules (i.e. orf. the 
standard deviation of the measurement of D* 
when C = 0) is given by D' min (moleculesW) 
ana t mjn represents the minimum detectable 
analyte concentration in the test sample, then. 
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disregarding non-specific binding of developing 
antibody within the microspot area, 
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c min - D^ in x ((6 X ]0»)(l + Q)]IDKQ(A) 

F °5S?f!f * if Q = 1 ' D = 105 ™'ecuIesW, AT 
" 10 V? "^nf * = 20 mo ^ules/^rthen 
•-mill = 2.4 x 10° molecules/ml = 10~ ,5 M/L It 
should be noted, in this example, the fractional 
occupancy of the sensing antibody binding sites 
• • n ™ nimum detectable analyte concentration 



Case 2: anti-idiotypic antibody ('competitive') 
assay. In this case, we assume that, following 
-emoval of the sample, the microspot is exposed 
o a volume V(ml) of a solution of (for example) a 
econd, labelled, anti-idiotypic antibody reacting 
vith unoccupied sites on the sensing antibody 
Jsmg similar reasoning as above, we mav 
.kewise assume that the fraction of such «ites 
•'hich become occupied by the anti-idiotypic 
Jevelopmg antibody is given by Q/n + Q) 
here Q is the developing-antibody concentra- 
on. However, the minimum detectable surface 
ensity of anti-idiotypic antibody is not in a 
ompetitive design, the critical determinant of 
;say sensitivity; this parameter is essentially 
jverned by the precision of the density measure- 
ent. 

From Eq. (1) the fraction of sites unoccupied 
■ analyte = 1/(1 + p), and the fraction occupied 
anti-idiotypic antibody = Q/n + p )n + % 
ms, if the CV in the measurement of an& 

»/r t l T + C „v! , ^ i U' the Standard deviati °n « 
■1 ,t P) °- + Q) - 71,15 term a,so ^presents the 

analyte Since the total number of antibody 
■ding sites in the spot is DA, the SD in the 
•mate of occupied sites as p -» 0 fi e oD.T) 
ironniates tDAQl(\ + Q); the S V D in ^ 

S/n + Sf S"???'^ estima,e is 

2Lt ?K Vt thC SD the "measurement of 
-tional binding-site occupancy when p _» 0 
mes D min , and hence the minimum detectable 

^™. ion in ,he ,ea samp " - 

hus 

n - Ani„ X [(6 X 1(P)(1 + Q )]IDKQ (5) 

= eDC/(1 + Q) ± {(6 x 10*>) ( i + 

(6) 

= e/K x (6 x 10 20 ) (7) 



For example if values of Q = \ n . in s 
molecules/um 2 , and AT - 10" L/M are'assumed I as 
in the non-competitive example considered 
above and the CV in the measurement of 
anti-idiotypic antibody density in the microspot is 

^ (1C h ^° 01) ' l 5 en - 500 molecules/ 
m-»un r min = f x ^ molecules/ml = 
antihnHv^" 5 act,onal l . occ "Pancy of the sensing 
antibody binding sites by the minimum detectable 
analyte concentration is, in this example, 1% It 

(expressed m molar terms) is identical to that 
previously established for conventionarcomoeti 
nve» assays (Ekins and Newman 1970) Tnd 
u^ch underlies the predictions r^Se/i^ 

Such considerations appear to suggest fa) that 
m h , , CrOSP K° I t 3SSay sensi «ivities superiS to hose 

though such predictions are likely lo prove 

ot the labels and s lg nal-measuring instrument 
iSf are , mcor P° ral ed in the simple SeTca 
analysis discussed above. Such factors are Teariy 
of .mportance ,n determining overall mlcrospm 
immunoassay performance microspot 



Practical implementation 

The concepts discussed above are clearly exploit- 
able usmg a variety of antibody labels inclidin, 
chemilummescent labels; however our* ore im in 8 
ary studies have been based n / ^ i 

SnSlS" 1 flU0r °P h0res ' »"« ^e techno og y 
of simultaneous measurement of dual fluoresc 

BeSus^his" tor" 5 iS 3,ready We " 
enc w e ,hi. 0lume / ent 1 res on chemiluminesc- 
SrfoiEi? P ° n,y 3 brief indication of 

currently h^r 6 "^" 0 * in this area " ^ » 

currenuy based on the use nf • 

available confocal microscopes. C ° mmercia,| y 
Instr umentation; , he |aser 
m,cr scope. In laser scanning confocal fluorS 
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ence microscopy, a small area of the specimen is 
illuminated by a focused laser beam; the fluoresc- 
ence photons emanating solely from this area are, 
in turn, focused onto a photon detector. Both the 
intensity of illumination and the efficiency of light 
collection diminish rapidly with distance from the 
focal plane (Fig. 12). At the 'confocal' point the 
projection of the illumination pinhole and' the 
back-projection of the detector pinhole coincide 
Such systems contrast with conventional epi- 
fluorescence methods, where the specimen is 
exposed to an essentially uniform flux of illumina- 
tion (White et al., 1987). 
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Sensitivity of current instruments. Tvpicallv 
fluorescence photons emanating from the laser- 




Objectivi 



Object 

in Focal Plane 
not in Focal Plane 



figure 12. p,^, of the confoca( mi luuminatina 

Si ,hf^ ed , at 8 , P ° im in ,he focal P'ane. Reflect ^ 
from th.s point is focused onto a detector A cornolete 

Tt^ZT 0 ^ im89e 0f s,ructures withi " «5 <ocal Ptene s 
obta ned by scannmg the selected ar a of int rest and mav 
be stored in a microcomputer for video display V 



comnbme ,o .he background J™FT£ 

microscope manufactured by Zeiss U h»S a 1 
display a lower detection limii Tfo 'fluo eS of 
about ten molecules/urn 2 (Ploem % 86 T M«« 
commercially available FITC-labe^d IgG atuml 
a fluorophore/protein molar ratio of J|. ,h u "X 
detection lirn t (D m \ «f tK» 7 • • ' tfte 
-2-3 ni-r u, m 7 ,J he Ze,ss m'croscope is 
Z-3 FITC-labelled IgG molecules/am 2 ThU 

assuminc th moIecu,es/m, a two-site assay 
assuming the same parameter values as used in 
the examples discussed above, or 2 4 x If? 
mole^es/ml using a 'sensing' antibody of aWi£ 

Rad/La^sh^^ rab,e instrume « is the Bio- 
Kaa/Lasersharp laser scann ng confocal mir«C 
scope, which we are currently ™T t 
^veloprnent of 'ratiometric' multi-anafyte ajj! 
methodology in accordance with th* ZS-Jrv y 

fluorophores such as Texas red (excitatioT™? 
•mum 596 nm). However, the SSricTS" 
niunoassay principle permits considerable vanV 
.on in detection efficiencies of the two la£k 
rehed on s.nce, inter alia, the specific activit l«nf 
the two labelled antibody sp^ies formlno .k 

handicap ,n the present context J 

r.iii° rt U8h the CU . rrent Lasersharp instrument 
relies on a conventional microscope ratheTK a 
purpose-designed optical system (and ap^ a « "i 
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ogy of sensitive iLimllZZ y, the ,echno '- 

space program etc such , ec h n -' aStr ? n0m >'' ,he 
readily exploitable' in . tech , n . 0,0 Sy cl ^ly being 
Detector assay "cSfea ^."k^ 11 *"" 1 ^ ^nW 

3 accordance Sth 'hi b oa^n- 1 ? 8 labe,S in 

here. Groad Peoples presented 



Beam 
Splitters 



Objective 



Antibody array 



Antibody mierospot 



Figure 13. Dual-channel confocal fluoreseonr. «■ 
permmmg simultaneous meas^moM «f ?^ « m,Cfoscope 
si 9 na.s from two ^or^T^\^,^^ 
scanning the antibody array the raSo of 21?*, P 0 " 11 " B * 
antibody microspoT^y bT^Kd* S,9 " a,S ff0m each 

selected area. 

under conditions that are not ne c*«Si • *' 
the instrument is capabl ^ of detS T' 1 " 31 ' 
-atelyrwenty-five T^{^5gZg££i 
. scanning an area of -50 pin* fl£ ]2 * 
t be stressed that neither !T^. igm 14 > II 



nust be stresW tha7ne n^Z^"?' '! 
n.croscopes are designed speci^^ e ^ f ? al, 
anometric multi-analyte iSS^J-JJ 

can be anticipated that future iL 
onstructed spedLlly for thi pumo J? 
> prove both cheaper and more sTnshjve ^ 

her instruments. The MPM 200 Micros^™ 
-otometer manufactured by Zeiss oTwist 



evident tha t solid an rbnHv ,SCUSSed above ' '*« » 
analyte immuno L us IJouW"? «" mU,ti - 
ity to adsorb a high surface w SP ' a / 3 Ca P ac ' 
combined with low ™m"£L? e " S,ty ,° f antibod y 
properties (for ex a L " . . s, g na, -£enerating 

■lie diction of Z n£ ™, la,ed fP«i»»y for 
becn e p r „vi si0 „ a , ly used „ £ 

Surface density of antibody coatin* P~i;~- 

antibody at a surfaa lEn?. °, C0M them with 

antibody molecufcs £ tl ^ M ° reover near,v a » 
^uni^^^^^PP^ «o retain 
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Figure 16. Surface density of immunoreactive IgG molecules (number of molprniP*/.im2i «i«m^ ^ * 
surface d nsity of IgG (number of molecules W) r~ r^««!L C "™/ « m otecutes/|im ) plotted as a funct.on of the total 



► on Dynatech Microfluor white microtitre plates 



thought it useful to confirm the validity of our 
general concepts by comparing the performance 
of certain assays when constructed in microspot 
format and when conventionally designed. For 
example, we have compared a dual-labelled 
tumour necrosis factor (TNF) ratiometric assay 
system using Texas red and FITC-labelled anti- 
bodies with an optimized IRMA system using 
identical antibodies but with the second antibody 
I25 I-labelled. Although unoptimized, the 
ratiometric microspot assay yielded formal sensi- 
tivity values closely approaching that of the 
conventional, optimized, IRMA. Although 
verifying the general concepts underlying 
ratiometric microspot immunoassay methodolo- 
gy, further work is required to achieve the 
considerably greater sensitivity that theory pre- 
dicts as achievable using optimized reagent 
concentrations and improved instrumentation. 



CONCLUSION 

As indicated above, differentiation of the fluores- 
cent signals yielded by two fluorophores can be 
readily achieved solely on the basis of wavelength 
differences, and this approach has been relied on 
entirely in our preliminary studies. However, 



other physical techniques exploiting differences in 
decay time of two or more fluorescence emissions 
(using, for example, a pulsed or sinusoidally 
modulated laser source, and time- or phase- 
resolving detectors) are available, and can be 
expected both to further reduce background and 
to improve signal resolution, thus increasing assay 
sensitivity and precision. These considerations 
aside, the basic technology involved closely 
resembles that employed in domestic compact 
disk recorders and other similar data-storage 
devices, the obvious difference being that light 
emitted from each of the discrete zones forming 
the antibody-array is fluorescent rather than 
reflected, and yields chemical rather than physical 
information. Indeed, our preliminary studies 
suggest that highly sensitive immunoassays using 
antibody microspots of surface area approximat- 
ing 50fxm are achievable, implying that some 
2,000.000 different immunoassays could, in prin- 
ciple^, be accommodated on a surface area of 
1 cm . Though non-specific binding of a multiplic- 
ity of developing antibodies would probably 
prohibit the use of antibody arrays of this order, it 
is evident that the technology is capable of 
encompassing anaiyte numbers of the kind likely 
to be useful in practice. 

The development of multi-analyte assay sys- 
tems of this kind can be anticipated to bring about 
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fundamental changes in medical diagnosis and 
many other biologically related areas. Systems 
capable of measuring every hormone and other 
endocrinologically related substance within a 
single small sample of blood are within technolo- 
gical reach, providing data which, when analysed 
with the aid of computer-based 'expert' pattern- 
recognition systems, are likely to reveal endoc- 
rine deficiences only dimly perceived using 
current 'single-analyte' diagnostic procedures 
Such systems also provide a means to the 
development of a 'random access' immunoassay 
methodology, permitting the selection of any 
desired test or combination of tests from an 
extensive anaJyte menu. Clearly the accommoda- 
tion of a wide range of individual immunoassays 
on a small immunoprobe (comparable in its 
overall physical dimensions with a few drops of 
blood) is likely to totally transform the logistics of 
immunodiagnostic testing, and genuinely repre- 
sents, in our view, 'next generation' immunoassay 
methodology. 
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the Future 



Throughout the 1870s, controversy centered both on inv 
ZSZXEfW Per se and on the relative 
frJMesof labeled antibody (Ab) and labeled anaMemeT 
°^° ur studies revealed that RU«S£ 

SJl 1 * su ?«Sed only by the use of very high-spS 
^ " OT S topic 'abels in ''noncornpeLrdS 
preferably wrthmonodonal antibodies. The time-SS 
fluorescence methodology known as delfia— develoDeuHn 

n^M^nslbve- nonisotopJc technique based™ 
these theoretical insights, the same concepts beSwsiS 
sequent* adopted in comparabte nJSSStfZ 
on the use of cheniflurnlnescent and •mymeX TE5 
^ ^spedfic-actMty labels also permit the deveto£ 
ment of muttianalyte" Immunoassay systems combining 
wrth the simultaneous meLuremerrt W 
Ih0usands * analyses in a small bclccicJi 

unexplolted. physicochemicaJ concepts. The first is thai nS 
^nunoassays rely on the measurement ol At om££ 
by ana^e The second is that, provided the Ab coSn? 
ton used is "vanishinory sma«.» fractional Ab E£S5l 
^dependen, of both Ab c^ncsntralion and sarn^e^S 

.^K^f 8 to,hen0ti0r,0f "rattometric" imnunoaS" 
involving measurement of the ratio of signals lea 

th?^C«lf , /^f Srted 88 8 mkyos P o1 on a solid support! 
^ second (a "developing- Ab) directed against eftner 
occupied or unoccupied binding sites of thesenaxAb oSr 
pr fammary studies of this approach hanrtM™. 
duaKchannel scanning-laser *^i*Z^Jlf 
tong micmspcte of area 100 or £ZSt££ 
^"P^thatan array of 10« Abstaining J£££ 
each deeded against a different analyte. coV^riS 
pie. be accommodated on an area of cm 8 AJthoS 

ESSE! 22 ^ « 
berequirea, the ability to analyze biological fluids for a wide 



ImmunoaBsay and other protem-biwiing assay meth- 
ods based on the use of radioisotopic33 p W 
a major role in medicine during the past three deWd£ 



Their utility and importance have derive r*i~ n.. 
^ tiestructuraJ specificity oTma^SfS 
tween binding proteins and anaJytes and the dete^hT 
ity of uotopically labeled reagentTthe laZ^^l 
such techniques with "excite senriti^ 
however, interest has mcreairin*lv^3' Kecen ^' 
topic techniques baaed 

l^.,^ rca «"t (e.g., antibody or antigenTwno* 
tobub« between reacted fWd") and^tS 
rfree-) fractions constitutes the assay "respcmaj^ 

brTl rLr^ this inte^Tcan be 

broadly classed under four main headings: 

nr^>;?!T, 0f ^ mviro »*ental, legal, economic, and 

iZ ^^T***** ° fiSOt °P ic 
ited shelf life of isotopieally labeled reagents, nrobll™ 
of radioactive waste disposal, cost an? ^£Ew 

MJjAng the development of, for example, simple dW 
nostic kits/or home or doctor's office use- ^ 
•achievement of greater assay sensitivity; 

use ^^^^^ * 

In this presentation I will focus primarily on the last 
of tiese objectives, using this to set out the 

P^ent attempts to develop a ne^W 
isturoed technology that will permit the simultaneou. 
measurement of an unlimited number of an^ealn" 
small biological sample such as a single Zrfi 
However, retention (and, if possibirimp^m^tTrf 
high sensitivities of conventional imto&u£ 
mques is a basic aim not only of our own stud^ inS. 
area but abo of most other endeavors falling ££rZ 

£rL~ V theref ° re a PP«Priat7to prefect 
this paper with a discussion of the general nrinrinW 
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Immunoassay Sensitivity: Some Basic Concepts 
Definition of Assay Sensitivity 
The need to establish assay conditions yielding m*x 

of ^thematical theories of immunoassay desigTw 
both Yalow and Berson (J) and Ekins et si (2) bV the 
^ f d-elopment of these metiodst 

early 1960s. Regrettably, these theoretical rtrife 

W to a p ro ]onged controversy, arising largely from the 
conflicting concepts of "sensiUvi^opted bV^t™ 
groups (see F.gure 1). Briefly, Berson and Yalow^Q 
their many pubUcations relating to unmunoaWdV 
««n (e.g., 1, 3), defined sensitivity as theTT5£ 
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SSiSi^SSS!^^ -T^ 8 * V™*™ underlying 
raaomwwiOMwy design theories developed by Heft) Yaiow ar3 
Bereon (e*. J. 5) and (rfeffi) Sdns et al. (T*) ^ 

"spo*** o*va whan datt an plottadan a topdOMacajt waepaf 

response cunre relating the fraction 0 r percentage of 
labeled antigen bound (b) to analyte concentration (fHD 

It ^ Ct , aI ' Ce *' *' * defined ^tivity £ 

the (lmjpreasion of measurement of zero dose, this 
quantity being indicative of, and essentially equivalent 
to, the lower limit of detection. ^ 

The key difference between these two definitions 
clearr/ lies m the dependence of the assay detection 
limit on the error (imprecision) in the measurement of 
the response variable. By neglecting this crucial factor 
the Response cum , slope" definition leads to many 
b^ous absurdities. Per example, plotting conventional 
WA data in terms of the response metameter B/F (i e 
the bound to free ratio) suggests that assay "sensitivity^ 
is ™™~dby increasing the antibody concentration in 

Jf/ 3 ^'^^ ? e C °, DVerse conclusion is reached 
rf identical data are plotted in terms of F/B'(see Furore 
2). Observation of th. shape and slopes o^Z£ 
curves without detailed error analysis thus constitutes a 
totally misleading guide to optimal immunoassay de 
«gn. TUi , approach has, however, characterized many 
of the studies conducted in the immunoassay field dur- 
ing the past 30 years, and has been the source of much 




Response curve slope Detection limit 



m U fraeVbound fraction (F/B); (center) the bLoVfree E 

J^b) »> hdapandant of lha eootfittrti^fcaw uaad^o^BMiaaay^aa ^m* 



2, i-os ...asvw. ..:«^ .«,. M09a§6 p ? 

fflythology. For example, amaiaeration of the Law 
Mass Action reveals that, when resomse cunL^lf 
^ndhuj to different antibody cowe^onTSeX* 

affinity constant), in which dramstance ™teVdc« 

r^n«{b 0 )ism.Tni«coi 1 dusi OT WtoBe^3 
YaWe enunciation of the weH-known dictum (whicL 
albert eWoua, is broadly adhered to byWyS 
noassay practrtioners and kit manufacturers) thalLto 
maximize RIA sensitivity, the amount of antibody to use 

S S C b W»ds 33% of labeled antigen 

a the absence of unlabeled antigen (I, S). 

• ^ reeapdin ? concept of sensitivity 
inevitably led to prolonged d^te regardi^^S 
noassay design (5). However, although it is still 
to encounter publications in the field that rely solely on 
the response curve slope as a measure of sensitivity, the 
assay detection bait is now widely accepted as the nly 
vahd indicator of this parameter, and we do not there- 
fore intend to dwell further on this issue here. It is 
nevertheless relevant to an understanding of the "min- 
iaturized assay methodology described below to empha. 
size that untenable concepts of both sensitivtoand 
precision underlie many of the commonly accepted rules 
governing current inraunoasaay-design practice, some 
of which are contravened in our own approach. 
Basic Immunoassay Designs 

It is likewise important in the present context to 
comprehend the basis of the various types of immunoas- 
says currently in use, and the constraints on the send- 
to vities of which they are potentially capable. The radio, 
unmunoaasay and analogous protein-bintW assay 
techniques originally developed for the measurement of 
insulin by Yalow and Berson (6), and of thyrexin and 
vitemin B„ by Ekina and Barakat (7. 8). rehedon the 
use of a labeled analyte marker to reveal the productsrf 

S"!^ ^ Ctl0na between «d binder (Fig- 

ure 3, left). This approach has subsequently often been 
portrayed as relying on "competition" between labeled 
and unlabeled analyte molecules for a limited number of 
protein-binding sites, such assays being frequently re- 
ferred to as "competitive." 

Subsequently, Wide et al. in Sweden (9), followed 
shortly by MDes and Hales in the UJL (iO), developed 
Ubeled antibody methods (Figure 3, right). Tnese mK- 
♦EST?"? " extenai0 ° 0{ the labeled reaeenT 

eVU. '^ t P- 10 * 0 '^ chloride, ['Hlacetic anhy. 

i , ,Sl 0 ?V Umlar devised, during the 

early 1950s, by Keston et al. {11), Avivi et al and 
others for quantifying amino adds, steroid and thyroid 
hormones, etc. Although radiolabeled antibody methods 
(immunoradiometric assays; duias) were originally 
claimed (23) to be more sensitive than methods based on 

^l° f ra * 0labeled these claims werHup. 

ported by neither rigorous theoretical analysis nor per- 
Buasive experimental evidence, and for some timVrt 
mained controversial. Further doubt on their vaM^ 
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Measure "fraction bouacT (B) 
Measure "6»co'an fite* 0 s ) 



r w 

* v» bin** •^SnZS^^JS' 0 * > »*«"lo reveals* 
the bound fr^STte dS^^^' ^ ^ 



•mpWed that swHSmtSl • rt ■«* be 

— * the present ccn£ SSj^SSSlf^ 
labeled reagent ^IST* *> 

maxima] assav «™^r7£ concentration yiddinjr 



«cally more sensitive than ths^rL^ ^ • ,^ tnn ' 
analyte methods gamed^ewL^^^ kbeled 
chemists. acceptance among clinical 

TOe reason for cosfuaion on this issue i* «,.♦ *w 
greater potential sensitivity of certain ^"^^ 
■"wjftr a consequence *a.T2£^£2? " 

opposed to analyte: ini*** antibody aa 

feet- fieparation of the producwX^^* ^ 
: fi.e.. no misdasainationTb^ reaction 
^ optimal antibody JlZiS^g^." 0 *^** 
ity) in a labeled ^^Z^f^^^ 
to zero, irrespective afSSSfiS JET'S J"* 
analyte fraction is measu^wwf * 
body methods the («SaLtiw!^ " labeled -^ti- 
f»* on which lafiStZT" 011 *" 

: ^^SXIfthefreefun^^a^XT^ 
measured the optima] cmSS^S^^ M 

.if the analvte-bound SS^S 
the concentration tends to infinity In short rf # w 
bmc measurement »trateg^^ b ^^ e ^ 

** »»«*trations aw^chCSSi^ 



Th^Anobody Occupancy Pnncip*f of Invnunoassay 
When a sensor- AntOwv^ • - ^ , — »«jr 

i^contain^eC^^ 

are occupied by analyte mokades Z ^ frfJr ? tSbody 

that reflects both the eo^S^ . 

the binding reaction UaS?!™? C ° naUmt ^verning 

anaJytenre^T^ ^ «»centration of free 

r^^7 present in the mixture. Thin nmr^M "* 

"nmediately from the £wSS£ZETtt ^ 
written as* MaM Acfa °a, which can be 

fAbAgM£Ab]-JflfAg] (1) 
or^as fractional occupancy of antibody binding sites, 

[AbAg]/[Ab] = KBAgXl + K[fAg]) 
where [AbAgj, [Ab], [fAb], and [fAjrl ♦ «u 

mbon of free mmJj,. KnenSvjf™?^ ""^ €oatai - 
when total anHK^« . . ana ^tibody; however 

given by °«upaney of antibody is 

lAbAgMAb] = K[AgJ/(1 + 



(3) 

Assay, utilizing this concept have been ^ - 
bient analyte immunoassays'^ 'U6) fr,^ ^ naed am ' 

bei^mdepe^entofSaL^S^^^ 
concentration (see below) aatibod y 

of m^^S^."«*'<^*r 

-^coneeSSrSPt^lTjfr: 
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may therefore be categorized a* v« ^ 

veraejy, techniques in^SSWniedSS! ^ Co °- 
»easuredpennit On irtadSSSf ^ 

« ^competitive." This difiW U de8oibed 
"fflply reflects the propoationti^^ ***** ded «» 

aure a small quantity "f de81rai,le to mea- 

between two lar^u^titiea ^* 
teee concepto are illustrated in p.- 
Portrays basic Unmuaoaaa^onLS 6 ' w ^ 

»on use. Conventional S in «*>• 

anajyte-techniques rely ^n^ll^ ^ed- 
binding sites, generally by bT^T^" 1 ^"occupied 
***** or ■^^5K£2?^i ( ^ i ^ 
'diotypic antibody (w^oSt^"^ but anti- 
on the sensor antib^WW L ,^ ccupied 
purpose. In the tu^^*£*J* «« «*e 
MJB, the labeled antibodvH^S- ^^-antibody as- 
««body; after f^SmtltT^S^ ***** 
body may be separated into oS£i thM J 8en80r «* 
fractions throu^u* rf (e T) L^ff* and unoccupied 

£S* antigeT urtgen a£w oT^hT^ (coa " 
body linked to a solid s«^)V^ t, * ,dloty P ic 
"signal" emitted by ]affi2 fa ^r ^tion, the 
d.e, the "occnpied" fra^i • ^ 6<W to analyt* 
a-^bedSsta?^^.^^. £ 
one measure, the labels KEESt * 
ft.e., that attached to the Hctt ! >Unti to anaJyte 
■-■J to "coapetittve - "^^rbant), then £ 

Two-ote "sandwich- away. „. . 
be^uae they «ly on tmZSSESZS ^ 
ered from two points of view FoT^ ^ * 
the wlid-pha^hol TZ'Z t "L*"** purposes, 
«*»*. with the W^iffl^ ^ W 

Seen from this viewpoint 1 Sl£ ^^eA 
i-^S^^^t the differences 
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Fl 9- 5- Basic competttve ami 

The dittineto, bJZ~^** ^^*» irononoaway 



component (if any) of the 

Indeed, in the case «r £f j rton ayrteni »• labeled. 

•o».-no W mpln1ntiflaS^- hMed W 
of the i^^^Si ^^ess, theSS 

on whether a me^rSre^'^^^' ******* 
or unoccupied antibody U yielded by oe^d 

~rface. In short the^^ 8itu *ted on iS 
jetitive- merely' X^fteS^^ ^ 
determination of the occut^? . approachea * the 
«tes and lead to Z^J™?* binding 
concentration required * TS^S^T?^ 

be sho£ to ^JSSS^J^rr^ « 

aance ^racteristicVinS?^ rf ^perfer. 
both types of assays, bit* SSf ?** """WB* In 
antibody and the roecifi? J!2 «) of the 

tant in deterSnKeniS^ 
^«nsitivit^X e ^^ iB ^ 
by the affinity consta^tT^^^ 
specific activity of the label k n^^ y ' whepeM ^ 

competitive -yTten^'^^^t 10 no* 
or "manipuhitio,,- error in tiTt e3f P«riniental- 
^ose response flCfi f Measurement of the 
•rising fro* pipetting i^' o^ 1 ^^ ^ 
Eluding the slatisS^nTe,^^ « 
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w of infiz* ^ j^s^* «• *• 

e label the nuttn. 7 u " ttie « *™I as 



•e] is of key importance is determining «petentiil» 
assay activity G.e.. the ser^vity otSbT^ 
a* ft. sped* activity of the labdTt in^ 

nnpjying zero error in eigna] measurement) 7Vun *>J , , , ., *~ — ~why, ana io) the u» rfi* 

Potential eenartivity of a competi^a^v ^ U J , K of £ JEl ,i 

assay is given V WAbJKBo, wnere,TSluS ~* ent * 0ttat »tiona r<» .ma^S^ °P taft *l 
ease. Re u aaaumed to represent the labeled aatibody 
mi5claBaifiedaa bound ObAbU commonly referred toS 
^onapedficafly bound- antibody. Tb£tU^ t1 £ 

bound, and R 0 a Bf /IAbin? 0 « togJKR^ AssumL iS 

^^ST^T " ^P^^tely identical for both 
competitive and noncompetitive &m»v* *♦ i. -j 

**» thi. ^ ^j^.'SX'^Sw 13ft 

rf wnampetitiw method, i. TOtertSmll^S 
a noncompetitive strategy it potentiaJlv ««m t ' 

P-aed in terma *^£2£EK£ 



Compeiiiive Non<omp«iiive 



molecuia/niL 
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ISfiE^^ a* non. 

«unefiwcrfanflbodyafti^ 

fmmm_L< JT^T^ ounonwan to much out* loa h 
noncomp.ttfct immunoMMy, twd on^»i /ST> ^S Mm "l**" * 



■Me Is audi u >n>v I. v M °? nvi * "UiB- 

v «pp^U* « 

an approximate threefold loss in ""P"** 
stantW the fart fTpTcJ »enaitovi(y, notwitb- 

♦«1k j 4 . ^ an ""y reoptimized in remain 
to the deterioration in operator EkiJ]twVv7«Z T * p am 

imply would utilize less itib^a^ 

P>pemr«. But the most important cSo^mtS 
from the anaJyaia is the near impoeaibiuu in^ZS** 
of achieving irnmunoaaaay sen^vT^'hSi^S ' 
about 10' molecuWmL by x^iT?LZm ^ 
proach, irrespective of the .atu^fVe laW^5tf ^ 
asgumes an upper limit to antibJv S! J 008 
the order of 10* iW ^ bu,da « on 
The results of a Bimilar analvM* of »k 

nonspecific binding of labeled a 7tS°S!f 4 r ! duan « 



by using an imtibody cf * - lfl* T^i • 
noncompetitive assay desL - .k^ Uaa "J***^ 

-ethod^ which ba*d 
Mtivities of isotopes such as J 0 * B I*afic 

to sendtivities of the ante of li^J^f *? Prartitt 
™«. In short, although, under • OT 
noncompetitive dim* mdW be^S^ « 3 wumstance 8 , 
than corresponding Wa£5^ ^ -^ve 
of the same antfl^^^jT^ the uae 
£1 advantage. <^££j$$^ 
Ave approach can be reafeed«»£? • nonc °n»Pet- 
labels of much lagher^S^^^^ic 

are combined with hur£a£!S? appaPBnt wh «> they 

with affinities of about l^lo^Ti ^ of ^"bodies 
yield a substantial inX^; 1 ? 011180 * 0 ^ «»* 
?W theoretical conduET V° 8ensit >*<y. 
K«*m by KohleT SmSS^ "5 «" »*■ 
vitro production of mon*^ I®*™*"** rf » 
Wrf the basis of ^hESrVkS^f" U * Consti " 
ment (initiated amid MT^S^*" 
ufacturer LKBAVallac the Z ^ nujj. 
immunoasaay methodolo^^t Ved fluo «aetric 
J* Tins methodoC w«X ^Tif DELFlA 
aoniaotopic in^uaoaSJn^^ 1 ^^nsitive" 
^ basic Z^^^ 30 ^^ developed, 

adopted by many otiieSuf^^ 3 ^^ **** 

development of highTsS* ^to to the 
Anflhs^u lifts)! 



««JN7*rai flat, mHtaSI ^T^* 4 to 
ph roluw .aj 0 f^~* ffl *« ,eI » 1 o>t both of <aT 

r^** ^iwZ »— JSC 



— ««e«jf system* 

Ambient Analyte Immunoassay 

Particular attention has been r?«.=~ L 
fPeaous notion that an aatihvfoJ? to *be 

«»ting 0.5/*i B required to nS^"^ 011 ap P"»- 
conventional IabeW^^^i^ "naitivity of 
"apbdtly overturned by th^S^" ^ Proposition ia 
^unoasasvs. whichte^t^/^ 0 ^' 

'SS<e ^ per ^ 



-^yt^n^ ^ ^ ^ show, the, for 

^oci^^;-^ i? 

various andytTcon~^^ Mtes * Presence of 

^-nc^trTCS^b^ : 
le« than (say) 0.01/JT She 2 Sf^ "^^-n of 
essentially, bein* coup wTtT- S P"**"**. but not : 

Jonal) occupancy of aJs^T^f 16 On. 
fleets the ambient . bln ding aites solely ns 

-dependenrofS °J ^vte» St 

b^dxng^te concentration of 0 01//^ ' ^ Mti My 
10 " moW., or 6.02 x K!,. 0.01 x 

biding by antibod, ^A^ at ^^yU ' 
I*** the medium^^n^tftT ° Uunbo ^^ 
"all the resulting reducS^* amouat bound is 

SSSla^^ 



^weseem label 



liun ZL°17 ^^tsjd in unit* tfvxuT/J of 

tion ia adopted- i , " ^ y of e^presainfi aBtih~?3 „ iaM& " 
be idenJ^iT" curv «« "latin* F toan«l!.. y conoeiitn. 

anubodjr with an affinity oCl$> \a~>, ^« .= ""^tntwoi ofia 
^tb an affinity o^o^ J, If 18 JDottLof ^JL% 

Pa^reflectotbaaaa^e^J^^to that antibod* 

' 0,6 8yrt4aa » dependent of J%Z*!X. ^ "^tioa tub? 




AA rrw- 



lower-affinity anta^^S™ ««rter for 

^et^^^^t of. dueWabel. 
DuaJ-LabelMcrospot immunoassay 



suitable j— w &q . - 

%ft 8. right). Hi. T*^ molecule, 

antibody may ^ ^^occupancy of the aeaaor 
o^sensor and Idevdopin^^i" 6 ^^ ratio 
"tibody "coupleta." iS.^v fona ^ dual- 
Jabelingtte^a^^ 1 "? ***** achieved by 
different W>d^ . ^^5?** ******** with 
cbemilumineacent mariSf tDz ^ or 

different a^35fi^tC" la ^°f^ly 
ticularly ua«G to SuTESSS ^ **«*«y Par- 
optical scanning tecSqS'SwT^^ — rf 
scanning of arraya 0 f JtibodJ ^wfLi^J*^ 
over a aurface (each n£^d£f2^! 
«t analyte), M that 1^£ afMMt * 

formed sin^uitan^^^^ gjk. 



niinUuii 

<1» tPfl .maty* ceno miabm m. j^-ldT"*^ P"*"* o> *wtM» 

doot of sample volume, 
"lese eoncluBiona lead to tw« fi.*v 

"Wat, racb that ttu tub] nX.IL ™5™l» r w • wlid 

pas r 
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**** on UuonacenHaUw Immunoassay 

Sn^S!^^«^^^2lS!?^ — of F (m 

— to • 

advantages stem from adopting a dlM , fl 
measurement. For example 3^ fluorescence 
distribution of JSSST *e.amountnorthe 
field of view is i^To^^" 16 ! 16 ^ 
emitted fluoresced St SSL?? -f^ 0 of *• 
tuations in the inte^i^^T^ ^ewise, flue- 

^ are apt to hT^^i"* < S?*« ) «■* 
tages are additional to U^LST^ ^ese *<W 

-tancy of the amount of*,^*^""^* COD " 
«*ay system is removed. ^ in the 

Moospot Immunoassay Sensitivity 

c^ce^ C ^^° aa f a J. a>ethod 0 i ogy 
design theory SrSt^ttZ J^T"? ^^°***y 
eration of£ pc^tiTj!!^^ decadea - consid- 
approachi. oh^S! * 
option that ni^ t^TC^ 7 ** 
bve as conventional systems aZtZ? leaat M eensi- 
amounf of antibody W^ad^L^ M fc ^ 
consideration of .Todds^^ demonatr ^ by 
sensor antibody mdecX^L^f Jf 
a solid I ^3 *^ to ^«W 
«P«»d to the ajialyte^d&Tt T^V 
*»eJ7*e is thereby xSJSluS. ^J^ty ** the 

aupportdivided by the bSST , mdla « on the 
b7 such -tSc^^^^^e-iB nnaffected 

anybody is distributed unSy tL^^? * * e 
baton mixture.) Let usX iSL^^ 100 * 
m lecules «u a7.^J^ P ° Se l that the ««body 

of sensor antibody implies « rnXL.- , ^^^^ 
tfae surface areVoUXS aT^R** <*ange in 
If. for ^S^jX* 15 

I>aol. the total mcufctim^w* T^f" 1 * ™" 



^^^^^^^ 

t^faonofO.Ol^.etc.UtusfiuS^l!* 0 f ° W "* a - 
"P«*re ^the aenscT^T^ 
™g analyte at a cont^-TT,^ niedma contain- 
molecules^) We ^*^" rf00 ^(U,6T^ , 

ond, labeled, •devdop^^^S^ 6 10 4 i 

let us «^i£^J^^?°*^ Pxjfc ? ' 
Sloping antibody, w^El?? 
specifically- to the S ^ binding «W 

densityon molX^ ^ it8eIf 

We may now consider the 
reduction of the antib<xry«oaL ' P"*** 3 *** 

1 mm 2 (effective ant3T^ TOriaee ^ (e^J 
0-1 nun* ^to"^?? 0 ^^lfp throuS 
equation 4, the value of f5L S i ^ bdow - 
JO" 8 . Thus at eoSS ft ?= a * 4.88 x 

labeled antibody Zle^a /nlT^ I*"** 
area is 2.99 x in' fi. specifically bound to the 

^lecules^rient) tt" abou * 50 * * *e total analvS 
"body -oS not^^f ^ * 
-^ng the fieTd of^Sl^ * ^ ^ 
restricted to the ari on ^ t! 1 ^ ^trument is 
deposited teFig^S^ the . 8 f naor antibody i. 
the background K 0 £^K Pr ^° naUy) 
- «-e.. the -ly^ oftCSdlS 





b -^ W W «'M o. «u*ooy o«o^ 
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^.^3^ the instn, 
mmf b field of new) the signed*, ratio obaervedfe 
the 1 mm' area is -SO. Similarly, the value ofT^.oT 

bojy molecules epeafically bound to the area is 5.«x 
WVtte^nber noiapedficafly bound is 10« and the 

ratio for a 0.01 mm* area can be shown to bHwT 
abort, the rignaltooiae ratio inoeaaeHa tie an JL? 
coated surface area is decrea^A-!!! antlbod y- 
ma! (plateau) value SS^S^SX 
antibody fall, below 0.01 ma' a^tw^^T 
H however, a reduction in the antibody^^L 
were no* accompanied by a corr**™^ ™? W *"* 
the detect^^eSa S^^ fa 
reduction in "eigne!- would ^ Z/Tl'^L ^ 
decrease in th. k«I^^^* ' Z"™**** 

«aae the fractional occupancy of the sensor antibJv 
the signal/noise ratio mkht <>i«u M antibody, 
<aD. In these circuSSit mtS ^T ""^tor 

«<y of sensor antibody were decked jS/^H den " 

*2^2ffl^ -ithin 
ode of a ^ot^dtipHer ^^^^^^- 
emitted from the antibody^tedt^ ^ 0Ums 
and remained constant r^^ Ji^ aot *«. 
field of view, thenTma*2S»rfll! he 

sa^rateastheaiieofthld^nSS^^ ^ 
no reason—in Drinrin]«_f/» • T? area> tbe « w 

di-iniah as the'SdT^a^^ ^ 40 
Educed toward zero. ?STw7.c^ 1 '"^"T* 
ratio as indicative of the onSTL 6 81 * nal/DO « 

antibody occupy TandT^? ^ ■«■»■»■* of 

stairs s-* ^ 

ferwIL rr^, 111 pnctic *< other statistical 

which the reduction in the an^y^ J^.^ at 
«* Joatauffiaeatlv to affect the 
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antibaJyuaedtomp^^^ ^ <* the labeled 

^^^^^ 

area. T*ua, given labels ve^gh" £S2S* 
one can envision drcunutancas tiwto^J??*' 
WapetiW aysteTSe^^ A 
sensor antibody n^ex^^low^rn^ 00 * 
era! conclusion is that » JZTVV A mcPe gen. 
charaS« 0fftct0 »' ^"'W the 

inmunTa^vS^i"; ^ 

convent iSC? kbded used with a 

tkely to be entirely *W Jta CS?" 0 «• 

activity label, ^ used ^L^ZZ^tl^t 
the measuring instnimo^* * , nwedwn to taikr 

|X[(6*10»)(lt[ J u,.])] a , J!tAb .j ro 



- 10 B molecules//ua 2 ,jf > in" Um„i 3 

detectable concentration of S^SL 0M 
ahow. the theoretical asaay s^^i-.! 0 !*: « 
use of sensor antibodies ^^1^^"^ ^ ^ 
function of Z)^ 0U8 affinitle8 . Plotted aa a 

spo^olt^^ 

^tioal *££^ h Z%*«£ 
ventional competitive methodolomesh °f* 
above considerations indicate ^ flSTthe ST"" 7, ^ 
high microspot aasav «™*«„L • att «naent of 
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by microspot aaaav 

^Peadin, on the Sj^iS^/l U inferi » *nd 
rt T aaeat » «aed) coSdbT^ 0 ° fthe »*asurin, la. 

npo. ^ "says of conventional de. 

tensbo ofmicrcspot aaaa*?^'* 6 charac 

2at ^ rfthe antibody/a^^^^ta on 
~f l a* th» limit (i.. whJTn.. Bmdm * reaction, so 
«tuated within the ^a^J^ a ° Wmt * 

of the reacC < a XSl a Sr ^ 
^ogenaoua ^-phaa?^^! °£rved in a 
™««bve concentration of aJm*Z£2*' ^though the 
*on medium i, * the 

St«"* rate at 

«Pot become occupied u £Zj E the micro. 

cunu ^tha7ww TJST 2 ^ 1 ****** » tiTSr 

"f^ntation whoae fieldof 1 " ' Pven 

^croapot area, the highest EEL to 
observed fafler any seS^^ 01 * *U» * 

^O-Ol^T. In v ahort, contrary nerfSL 7 6 8y8ten > is 
preasion, and to the gen^.^T* «>PerfidaJ in. 
^unoaasay that short 



Provides the bad. of 

«7 currently avafla^ 1 P 0 **^ 

auorophors. The shnuftaneom I ^ «n*entional 

J** «nd the availabihwS.^ C ° UrBe ' We » etSb. 
bon fe*, the laser * Un P rov *i inatnnn*^ 

h? SPOtapPTT)ach - ^ f «aibflity of Se 

^ l*am, the flu^T^?^^ b^t^L* 
area being focuaJl j?!?^* photon a emitted 6»T*?r 
low-darSum^v. onto « detecto7*^n thtt 

Pomta thus poeeesTrr P , otona emitted at 

P°8ed to an essentiajS^f ^ ^ «V«ifflen^„ 
*ld much ah^^^^SnSnTaS 
atfid » • defined pl^S . ?. U0re8cen t emitters aS- 
^ntaneoualy eJt£ h ?^\ -»Ple. ElectJ^ 
cathode contribute to S^^^tipher^o! 

«tjvity-he niinimired ?i nucrospot aaaay aeiw 
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to dunnuA with future improvement in photcmultiplier 
design. Other sources of background include fluores- 
cence emitted by component, in the optica] ayrtem. 
which may not, in currant instruments, have been 
constructed with background reduction as a prime con. 
arieration. Nevertheless, they detect with high sensitiv- 
ity fluorescent signals. Per example, one commercially 
available microscope u claimed to detect fluorescein at a 
densrty of 10 mdeculeaW. Most commercially avail, 
able fluorescein isotbiocyanate (FTrOlabeled IcG ex- 
himts a fiuorophor/protein ratio of ~4; this implies 

S J*™*** ^ molecules per microm! 

tor* Thi* a turn, implies a theoretical sensitivity fort 
two-ate immunoassay of -2-3 x io» analyte mJLJl 
per milliliter, assuming identical parameter vate^" 
above or«x 10- melecules*nL if STS^ an£ 
body has an alfinity of 10" L/mol. Clearly, iZSt 

?Zf "'T*?' loadi ^ »«* AuorophoTeS 
directly or indirectly onto the antibody 

Our prelimiiuuy studies have relied on a less sensi- 
tive microscope, albeit one possessing facilities for dual- 
fluorescence measurement Its areon laser emit* 

k l««!^"* Rotation maximum 492 nm), but 
tlTJ^T 1 m " atm « fluorophores such asT«as 
JWtexaUtoon maamum 596 nm). However, "era"" 

deSr^ PnnCipIC F?*" «*«Mt vaStion ^ 
detection efficiencies of the two labels because the «~ 

Sf e C ^ M * ^edant^y spec£ ftn^ 
the antibody couplets can be chosen to vield 
ratios approximating unify. ImIS^ S ^ 
kseru exciting Texas Red is thus not a^aajor^an&cap 
a this context Though this instrument rdie7o« 
c^ver^onal microscope and not on an"pJS ^ 
designed for this purpose (and thus implidSyJelHe^ 
^^Pf™ to quantification of AmJ^Si 
gyrated from microdots of any selected area. E 
stadies have revealed that, under conditions tbatare 

FrrC-labeled and (or) 150 Texaa Red-labeled IrG m olt 
cute per micrometer* while scanning an aref of* !£ 

The development of microapot izzimunoaaaavi ha. -I™ 
necessitated d09e r scrutiny of the JSZ^££5 
mtne coupling of antibodies to ■oBdSS the 
present context, these should display m^JL ♦ 

J^tb^r f * ^^r to^Ly 
low intrmsiwugnal-generatuui properties (e.|TlowT 
*n«c fluorescence), thus «iiiin^ba^W ^ 
have examined a number ofcuSe «B& J£ 
as polypropylene, Teflon* cellulose and nitroceliulose 

toembranes, microtiter plates (clear polystyrene pla J 
black, white, and dear polystyrene ptetesXriass sKcS,' 
s^ quart, optical fiber, coated wi£ 
taethoxy auane, etc, and several alternative JESS. 
for achieving high monolayer e^^££J 
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"tudiei have exposed phenomena neither evirW 
nwtanoe when antibody bindJnTto^S^f * 
earned «t ^^h^S^iff^^ 
used white Dynatoch Microfluor mi^^'^^l 
formulated for the detection of low fluorS^Lv^T 

densities of functional antibodies MxinKJ?^ 9 

Plates are not ideal. Indeed, defines m^e^tibS? 
deposition methods used constitute the irtlSSS 
of imprecision in assay results and the IhS^ 
sensitivrfy that this implies. aearfctS rZ^ " 
^^^" d ^-ofcu^r^ 

tonally designed. Although unoptimkei nSZLS 
microspot assay, have yielded eeS^ahS^! 
approaching those of conventional op^u^^S 
an example, the results of a ratiometric^ay^lm £ 
^JP*. with use of Texas .JSrcSSS 

3«s?bk5SS5S 

greater sensitivity theoretically predicts 
unproved fluorophors. better 

The finding that highly sensitive immunoaasavs «« 
be performed with far smaller amount, of 
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P«- 13. Response curve In a duaMabeled mlcrosarf i******* 
^Jgbooy and a Oevetop.nfl 
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are currently used conventionally permits in tun the 
construction of antibody xnicrtapot array, enabling, in 
principle, the simultaneous measurement of thousands 
of different substances in 1-mL samples. In collabora- 
tion withinve.tig.tor. at the Centre for Applied Micro, 
bofagieal Research, Porton Down, UJL, we are pres. 
entry developing various techniques for the creation of 
such sprays. Indeed, similar technologic bave recently 
been usee for the parallel synthesis rf several different 
polypepbd^th«e enabfing 10 000-microepot arrays to 

aI?^ ° n ***** *PP"***ting 1 cm 2 (24). 
Although arrays of this capacity are unlikely to ever he 
required for conventional diagnostic purposes 
»tidpats that the abihty^n,^^^ 
m^ substances in the same sample will have revolu- 
^ 7 In COQ ^ eDC * 8 » »««cme and other simito 
?* ^ques may ultimately 

Piwentog a major obstacle to the standardLtion and 
mtopretaton of many immunological measurements 
ttfljdoreover. although these concepts haveESS 
trated m an immunoassay context, they are dearlv 
applicable to ail "binding assays,- including ihc^ 
mg on the use of DNA proDes. homone^ep^"^ 
For example, labeled lectins that are snerinv li • 
reactions with the sugar residues L^e^t^ 
chains of glycoprotein molecules may be used, 3w 



"^turned antibodTSl^ ^ fc^Trflity rf ^ 



Summary and Conclusion / 
Because of past confusion regarding the concent* «r 

«acepts have become mcorporated within current 
accepted rules of immunoassay design. In particular 
much higher antibody concentrations^ cKSfr 
used than are necessary to achieve very high assay 

ASSESS ^K^SS^E 

oonmancy. This observation, which cWdSs ^ 
Z£ design theory t turn 

ber of different analytes on a chip of very small surface 
area through the use of, e.g., laser teduiioues 
dosely analogous to those used in compart dkkTT 

es n this are* albeit conducted with relati velTcnX 
techmques and instrumentation not spectfcally dt 
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V I J?, pp. l«7-«: In our dear, for rapid puMic^T"" 10 ' 1 * 

duced u, its entirety, with our apologia £tWn^ 
Rapid Detection of 1717-1G-A Mutation in rem ^ 




CT^. «nd 100 pmol of each a inmSZ^^I^Sy' c ** m ' Ne ^- 

37 «C with 5 U or**, in) el^SSSLS EtftT* *■"■«* *»tiiai 
tori h tt SO V. Band. ^^^^^j^?^* J**^ •* 

aXFS )f ^L , *"I?'; ff» * norm* 



hybridization of the polymeraae chafe i«Son SrSt^ 
with ^^^dSS^Sp^^f 

.-T?k mTZT muUtlon b y generating a novel BstNl site 
in the wjld-type eeouence had alraadybeen sutteated 2? 

To detect the 1717-1G-A mHta£aTwV.X£5 it 
"verse primer «' -CHX^AAAcS^^^.^ 
contain a aingte-base mismatch r^^i^aT- ?j ; " 
a novel A^U ^^^0^1^^^ 
Pjgl wtfd-type OVT, aDeie hi not 2t2^£ £)' 
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TAGGACA. GCAGAO 

..CGTCTC 



3* 



>t AlpCTGG, 



Atoll site 
& Id 1717 



5' 



5' 



I 



3' 



TAAGACA. GCAGAG 3 ' 

ATTCTGG CGTCTC 

*• nutaaeniaed baae of reverae primer 5 



by Z CF ST!? FT 1 '- ^ u " d ** one availahle 
«f Tk. V£$> C ^y" 8 Consortium to amplify exonU 

Digeation by Avail enzyme of the PCR product generate, 
two fragments of 116- and 21-bp in the^^ajuu? 

^(^f ^ a 137 ^ » STmtiS 

C0 ~ b j aed "^yais for the AF508 mutation (5) f2S2/ 

G542X, about 71% of muUtions might be detectad Kv 
n^otopic analysis of the PCR product, thtu fSSta? 
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